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PREFACE. 



The substance of the present Work appeared in 
serial form in the pages of the "Sanitary Record," 
in response to numerous appeals for information 
respecting the new departure in Sewage Treat- 
ment, &c. ; and now, after careful revision and 
some additional matter, it is presented for the 
perusal of the student in a more convenient form. 
Some apology is doubtless due for the condensed 
style in which it has been written. It would have 
been an easier task to have enlarged the subject- 
matter very considerably, but it was tliought that 
the Work would be of more value if kept aa 
concise as possible, and this, as far as is consistent 
"with continuity, has been done. 



The major portion of the text was written during 
the \vinter of 1896-7, and much of the work with 
which it deals was carried out during the previous 
fifteen years. The " new departure at Sutton " 
was inaugurated in November, 1896, as the results 
of the work carried on in that direction during the 
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previous five years, and is the natural sequence of 
the forecast by Dr. Dupre and myself in 1886-7. 

As the two reports on the experimental bacterial 
treatment of sewaffe effluent at the Northern Outfall 
Works at Barking Creek have now almost world- 
wide interest, I have ventured to print them in full 
in the Appendix, together with some other useful 
matter. The first report on the Sutton experiments 
on the treatment of crude sewage will be found in 
the text of the Work, and need not, therefore, be 
repeated. Probably it would have been more in 
order following the above. 

Owing to press of work I have been imable to 
give many interesting results of experiments and 
observations made with the view of ascertaining the 
modm operandi involved in the bacteriolysis of 
organic debris, but I hope on a future occasion to 
present these for the information and criticism of 
my readers. 

It is to be hoped that the information now placed 
before the public will not fail to accomplish its 
work by inducing those responsible for the disposal 
of the waste mattoi^s of the commmiity to give the 
system of bacterial treatment a fair opportunity of 
demonstrating its eflioacy, and thus assist in accom- 
plisliing that most dosimble result — ^pure rivers, and 
pure water supplies* 
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Although much has been done in removing from 
the noble River Thames the reproach to which it 
was formerly so deservedly open, I yet hope to see 
the day when, by the adoption of the bacterial 
treatment for the sewage of London, far better 
results will be obtained, with a considerable reduc- 
tion in the cost of the present system, wliicli even 
now is the cheapest of its kind in existence. 

In conclusion, I have to tender my sincere thanks 
to many friends, far and near, who have by their 
kindly criticism, advice and encouragement, materi- 
ally helped to smooth over many difficult and stoney 
paths, and made the work, indeed, a labour of love. 



W. J. DIBDIN. 



Sutton, Suebby, 

OdoheTy 1897. 
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PURIFICATION OF SEWAGE AND WATER. 



INTEODUCTION. 

The advance which has been made during the past few 
years in sanitary knowledge has resulted in such marked 
improvement in various ways that it will be of interest, as 
well as of use, to place on record some of the results which 
have been arrived at in the course of the personal experiences 
of the writer. The work involved in the purification of the 
river Thames has revealed facts, the statement of which, 
when first made public, was met with no little scepticism, 
but which have at length come to be acknowledged as well 
founded ; and the principles involved have been adopted in 
almost every community where the disposal of foul waters 
has been necessitated by the introduction of modern systems 
of drainage. 

With the view of placing these experiences in an available 
form, and of combining with them the latest features in con- 
nection with the work, it is proposed in the following articles 
to set out in a clear and succinct manner points on which 
many replies to frequent questions have hitherto been 
answered by letter or in papers before various societies. 

In due course the work will deal with the consideration of 

D. B 
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tho oharacter of foul matters in sewage and waters, their 
compfmitiOTi, and tho processes involved in their ultimate 
df»Btruo<ion, oiiher by combustion, which may be oxidation 
by tlin aid of fire, or by the action of organisms acting in the 
prnsonco of air, accompanied or not by putrefaction, which 
is brougtit about by the action of organisms acting in the 
absonoo of air ; and the effect of various antiseptics resulting 
ill tho preservation of objectionable matters, for more or less 
prolonged periods. This will lead to a consideration of the 
diflforont methods proposed from time to time for the purpose 
of pfTpoting ultimate purification, such as precipitation by 
difforotit chemical reagents, farming operations, and filtra- 
tioti. In this oonnoetion it may not be out of place to glance 
at some of tho oooentricities which have been put forward, 
considering them merely with a view of showing how easy 
it is to go astray with even the very best intentions. 

Following this riiumi of the general considerations, the 
oxi>erimonts whioh have been made in London and 
Massaolnisotts on the treatment of sewage matters, and the 
results of tho experimental operations on the filtration of 
sewage, will be of interests As these experiments will lead 
to a furthor consideration of Nature's method they will be 
fully d(>aU with, and their practical application will be 
oonsideroil under different conditions. 

As !\o work in this connection can be prooeeded with, 
without a full knowlevlge of the means by which the results 
of the vari<>us exi>eriments can be diecked, the necossaiy 
aiia\\ ticAl methixis most suitable for that purpose will be 
deseribe^l, and the mi^st simple and effective pxv>oesses given 
at sutlioient length to enable the experimentalist to conduct 
meh tests for hin^self. Having obtained the results of the^ 
tesitj! a;5i may be required, he will find their bearing xipon the 
w<Oirk in hand fxiUy dealt with asod explained. 

The duties <A Local Authorities will be con^dered, and 
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Bome o! the most obvious causes of failure Indicated. No 
work of this kind can be complete without a discussion of 
the much-vexed question of the ventilation of sewers and the 
most suitable means of preventing offensive emanations. 
This subject is one which has given rise to considerable 
debate ; but space will be occupied by a recital of only those 
features which are essential to the question. 

In the consideration of such a widespread subject it will 
he impossible to avoid giving a full description of the process 
in use for purifying the river Thames. When the question 
as to what process should be adopted for the purpose of 
effecting that great work was under consideration, no small 
discussion took place on the matter ; and the scheme pro- 
posed by the author, which was ultimately adopted, was 
submitted to a most searehing criticism. Even after the 
necessary works were in progress many persons who 
evidently considered themselves authorities on the subject 
continued to propose alterations of the most fantastic 
character, and presumed to call these schemes economical, 
when, as a simple matter of fact, they involved from five to 
twelve times the expense of that which it pleased them to 
call "extravagant." However that may he, all the froth 
has now disappeared, and we may consider the whole 
question at the present time free from bias and fbo passing 
passion of the moment, with the hope of arriving at the 
truth of the matter ; thus laying a foundation for still better 
work in the near future. 

As a useful guide to further developments of the process 
of treating sewage by means of bacterial action, an outline 
of a scheme for works for treating one miUion gallons of 
sewage per day is offered for consideration, which may serve 
to indicate the direction in which future improvements may 
be anticipated. In making this suggestion, which is merely 
a systematised arrangement of known working conditions, 
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the anther does not desire to make dogmatic assertions, or in 
the slightest degree to indicate more than a desirable direction 
of pTOoedare. For instance, what maj be done on a claj 
soil is obyionslj not always possible on sand or chalk. In 
the case of Berlin, the Authorities have thousands of acres of 
sand on which to torn their sewage, an ideal bacteria bed, 
rendering the use of coke-breeze or burnt ballast unnecessary, 
the only requisite being that care is taken not to overwork 
one particular area. In the clay soil of the Essex marshes 
those conditions are absent, and yet it has been frequently 
proi)Osed to follow the example of Berlin thereon. 

As a collateral branch of our subject, the question of the 
artificial purification of water for potable purposes will afford 
matter for a chapter not without interest ; therefore, the author 
has put togothor some facts relating to the history of the 
Vttrioufl molhods which have been proposed from time to 
time for effecting that object. The value of these will, 
perhaps, be as much in showing what not to do as in 
showing what should be done. Water filtration on a large 
scale will also receive due consideration. Another chapter 
will be devoted to some recent features in connection with 
the London water supply, the investigation of which by the 
writer has brought out some points relating to the quantity 
and quality of the matters held in suspension hitherto 
unsuspooted ; which, however, it is satisfactory to observe, 
having been pointed out, have been taken note of by those 
oomvrnoti, with the result that such defects as undoubtedly 
oxiptcil a few years back have been in great part remedied. 

Tt will, i>orhai%s, be observed that the scheme of work 
involves a now departure in some resj^ects from the course 
nsnally adopted by those who have produced various excel- 
lent volumes on the subject of sewage treatment : as on the 
jvresent oo<>asi<>a the writw has endeavoured to deal with 
{)lrin<!fi(^k« Mt)ier t^«A 4et»ik <A existing woiks— information 
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on which is abeady freely accessihle — and to put into a 
comprehensive form the results of personal experience. 

The writer desires to tender his sincere thanks to manv 
friends for their assistance in the preparation of the matter, 
and especially to the staflE of chemists with whom he has the 
honour to be associated in connection with the Chemical 
Department of the London County Council, and particularly 
so to Mr. George Thudichum, F.C.S., who for the past 
thirteen years filled the position of the author's chief 
assistant in connection with the work of the purification of 
the River Thames, and who has rendered material help in 
the preparation of the present volume by kindly reading the 
proofs, and contributing many valuable suggestions. 
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CHAPTER I. 

FOUL MATTERS, THEIR CHARACTER AND COMPOSITION, 
COMBUSTION AND OXIDATION, PUTREFACTION, 
BACTERIA. 

As the following chapters will deal with the various methods 
of purifying foul matters, it will he necessary to indicate as 
clearly as possihle what it is that we have to purify. For 
this purpose let us consider the character of those suhstances 
predominating in foul water. First, then, sewage may he 
considered as containing animal substances, largely com- 
posed of fibrine, gelatine, chondrine, albumen, &c., and, 
secondly, vegetable substances, such as starch and woody 
fibre (cellulose), gummy matters, with tannin, &c. In the 
first instance we have to deal with matters which speedily 
undergo decay by putrefaction when there is not a suiBScient 
supply of oxygen, in which case, however, the decomposition 
takes place by the action of organisms opposed in general 
character to those which are the active agents in bringing 
about the process of purification unaccompanied by offensive 
adjuncts. These aerobic organisms, as they were called by 
Pasteur — in contradistinction to the anaerobic organisms — 
live only in the presence of air, as their name implies, whilst 
the anaerobic organisms live in the absence of air. When 
air is freely panwAni. aiul the oomditions generally favour- 
able. » OEganio matters 
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in an inoffensive manner. The nitrogenous matters are re- 
solved with either the production of ammonia or the 
oxides of nitrogen, or possihly the evolution of uncombined 
nitrogen. In passing, it may be remarked that the question 
of the various transformations which the nitrogen in com- 
bination undergo have not yet been fully determined, and 
will be referred to later on. The oxygen and hydrogen, 
forming a considerable portion of the matters, are recom- 
bined into water, and the carbon into " carbon dioxide," or 
carbonic acid gas, as it is generally called. Similar trans- 
formations take place with these elements in vegetable 
matters, but a longer time is usually required for the com- 
pletion of the process than is the case with animal sub- 
stances, as they do not form so suitable a medium for 
the support of the microbic life. "Woody fibre, especially 
paper pulp, is more refractory, and will require a much 
longer time for its disruption, but in the end the same 
transformation occurs, and carbonic acid, water, &c., are 
formed as a result. 

As showing the actual character of the above-mentioned 
substances, the following table of their chemical composition 
will be of interest : — 

Table I. 



Substance. 




Nitrogen 
per cent. 


Hydrogen 
per cent. 


Oxygen 
per cent. 


Garbon 
per cent. 


Gelatine 


* • 


18-3 


..6-6 


251 .. 


50 


Ghondrine 


. . 


14-4 


.. 71 


29-4 .. 


49-1 


Albumen 


• a 


16-0 


.. 71 


220 .. 


53-0 


Gellulose (woody fibre) 




..6-2 


49-4 .. 


44-4 


Starch . . 


. . 




.. 6-2 


49-4 . . 


44-4 


Fat (stearic acid) 


. . 




.. 12-7 


11-3 .. 


760 



It will be observed that each of these substances already 
contains oxygen, and the inquiry naturally follows how 
much more do they need to complete the oxidation of the 
nitrogen, hydrogen, and carbon ? This. is best answered by 
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the following tatle, Bhowing the actual conditions in each 

Tablb II. 

Foundu of Oxygen required to cccidhe erery 100 lb. of svh»tance. 



l|l|i 






r| e|-= 



Qelatine 

Qiondrine 
Albumen 
CelluIoM, iToody fibre 



Fat, B 






S 133-3 


248- 


■8 131'0 


229' 


■8 Hl-4 


253- 


■6 ! 118-* 


168- 


■6 I 118-4 


168- 


-6 202-6 


304- 



The last column shows the excess of oxygen required, 
beyond that already present in combination, for the complete 
resolution of the elements into the condition of harmless 
nitrates, water, and carbonic acid, and will enable the reader 
to form some idea of the work which baa to he accomplished, 
the problem being to hnng, in the case of gelatine, for 
instance, 333^ lb. of oxygen existing as a gas in the atmo- 
sphere in intimate mixture with five times its volume of 
nitrogen, into chemical combination with 100 lb. of gelatine ; 
and 80 on for each substance in the table. It will be 
understood that the half-dozen substances mentioned are 
intended to represent only types of compoimds actually 
present in such a heterogeneous mixture as that which we 
are considering, and to assist in indicating generally the 
work which has to be accomplished. 

A further excellent example may be found in the case of 
urea. This baa long been known to be capable of rapid 
alteration and decomposition under the influence of a ferment 
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L8t, or those derived from putrefying animal 
matters, such as albumen. Urea, CH^NaO, is first changed 
under these cireumstauces, by the addition of the elements 
of water, to carbonic acid (CO^) and ammonia (NHj). In 
order to complete the oxidation, the ammonia has to be 
converted into nitric acid. This, as is well known, is 
effected by the action of a micro-organism, or of a series of 
anch ; and it is thus estahliahed that a typical excretory 
substance can be entirely destroyed by the aid of fer- 
mentative or allied action of minute organisms without any 
adventitious assistance. 

The mineral matter present in combination with these 
substances is generally very small, and is but of Httle interest ; 
and however valuable for mantirial purposes, may he left 
without further oonsideration, so far as our present purpose 
is concerned. 

In foul water there is generally a large proportion of 
mineral matters, such as Band, &e., which has to he dealt 
with, but this presents no diiEculty whatever, as, if necessary, 
they may he separated by simple subsidence. They may, 
therefore, bo neglected in the present considerations. 

In the process known as combustion, or burning, the 
organic matters, as already indicated, combine with oxygen, 
but the same action is brought about by the Hfe processes of 
animals, however small. In the case of the higher animals, 
when the food is taken into the stomach it there undergoes 
the process of digestion, and a portion is absorbed into the 
system, where, by the action of the blood, it is eventually 
oxidised aa it rushes through the lungs, in which it is freely 
exposed to the air taken iu by the breath. Thus is kept up 
a slow process of oxidation, marvellous in its character and 
action. It matters not whether it is meat and bread eiiten 
by human beings ; grass, &c., by horses or fowls ; or a 
mixture of these things by microbes, or by the direct action 
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of fire ; the final result is precisely the same, viz., combustion, 
fast or slow, as the case may be. 

But in bringing about this result we must not run the 
risk of incurring putrefaction. If we do so by neglecting to 
ensure an ample supply of oxygen, we shall have foul gases 
formed, such as sulphuretted hydrogen, with certain volatile 
organic substances in place of inodorous compoimds, which, 
in ordinary cases, will create a nuisance. How, then, are we 
to insure the satisfactory accomplishment of the desired 
object P Here we must further consider the action of the 
minute organisms already referred to as "bacteria" or 
" microbes." These are minute living bodies, some of which 
are ever present in various forms in or on every substance 
known ; and whenever the circumstances are favourable they 
bring about the destruction of the organic matters simply by 
living upon them. In reference to their general character it 
may be remarked that while at first they were thought to 
belong to the animal kingdom, it is now generally accepted 
that they are plants. They were first noticed by Leuwenhoeck, 
whose construction of high-power simple microscopes in 1687 
gave rise to the present marvellous increase in our knowledge 
of minute living matter. It may be remarked in passing, 
that the microscopes of Leuwenhoeck, with which he made 
his wonderful discoveries, to the world's astonishment, were 
constructed in the most simple manner possible, being only a 
single lens, set between two plates of silver perforated with a 
small hole, with a movable pin before it to support the 
object, and adjust it to the eye of the observer. In the case 
of liquids he enclosed these in fine capillary glass tubes. 

When referring to the discoveries made by this and 
similar instruments, Baker, in 1742, wrote as follows: — 

" Nothing is therefore now wanting but a general inclina* 
tion to employ these instruments for a further discovery of 
the minute wonders of the Orealion, which may not, perhaps, 
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improve our knowledgo leas than the grander parts thereof. 
Bears, tigers, lions, crocodiles, and whales, oaks and cedars, 
seas and mountains, comets, stars, worlds, and suns are the 
capitdh in Nature's mighty volume, and of them we should 
not be ignorant ; hut whoever would read these with under- 
standing must make himself master of the Utile letters like- 
wise, which occur a thousand times more frequently, and, 
if he does not know them, will stop him short at every 
syllable." 

With reference to the size of the bacteria, it is indeed 

difficult to describe thera in popular language. They vary 

in length from one five - thousandth to one twenty - five 

thousandth of an inch. When viewed under our highest 

microscopical powers they appear to be a little larger than 

dots of ink on paper. If, say Pearmain and Moore, in their 

work on "Applied Bacteriology," we could view an average 

human being under an equal degree of raagnifioation, ho 

would appear to be about four miles in height, or higher than 

Mont Blanc, A milligramme is about the ei.\ty-sixth part of 

a grain, Tet in this small volume no less than eight 

thousand millions of microbes were counted by Bujivid. 

With reference to the incredible rapidity with which the 

bacteria multiply under conditions favourable to their growth 

and development, Cohn writes as follows :— " Let us assume 

that a microbe divides into two within an hour, then again 

into eight in the third hour, and so on. The number of 

microbes thus produced in twenty-four hours would exceed 

sixteen and a-half millions ; in two days they would increase 

L to forty-seven trUlions ; and in a week the number es- 

i pressing them would be made tip of fifty-one figures. At 

I'ihe end of twenty-four hours the microbes descended from 

I a single individual would occupy one-fortieth of a hollow 

L cube, with edges one twenty-fifth of an inch long, hut at the 

Lend of the following day would fill a space of 27 cubic inches, 
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and in less than five days their volume would be equal to 
that of the entire ocean." Again, Cohn estimated that a 
single bacillus weighs about 0000,000,000,024,243,672 of a 
grain ; forty thousand millions, one grain ; 289 billions, one 
pound. After twenty-four hours the descendants from a 
single bacillus would weigh ^gVff ^^ ^ grain ; after two days, 
over a pound ; after three days, sixteen and a-half million 
pounds, or 7,366 tons. It is quite unnecessary to state that 
these figures are purely theoretical, and could only be 
attwned if there were no impediments to such rapid increase. 

Fortunately for us, observe Messrs. Pearmain and Moore, 
various checks, such as lack of food and unfavourable 
physical conditions, prevent unmanageable multiplications of 
this description. 

The figures show, however, what a tremendous vital activity 
micro-organisms or " bacteria " possess, and it will be seen 
at what speed they can increase in water, milk, broth, and 
other suitable nutrient media. The reader will, from these 
observations, be prepared to realise the enormous force which 
the sanitarian has at his disposal for the rapid and effectual 
destruction of waste animal and vegetable matters by the 
action of the life processes of these minute scavengers, 
provided that the conditions of their environment are care- 
fully arranged, so as to afford them the freest possible scope. 

How, then, is this desirable end to be attained P The 
following well-known facts will help us to answer the 
question: — In the process of making vinegar a suitable 
vessel or " vat " is filled with birch twigs, and over these 
the product obtained by the fermentation of malt is pumped. 
The twigs become coated with an organism known as the 
Mycoderma Aceti, or vinegar plant, and by this organism the 
alcohol produced by the fermentation of the malt is converted 
into acetic add. This ie a case of transformation by 02ddation, 
and not of vm «« «aoli as we desire to obtain 
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in the case of sewage ; but it serves to illuatrate the powerful 
effect that ia produced by the action of living matter. First, 
we have the organigm known aa jeaet to the brewer, or 
Saecharomijces Cerevmce to the biologist, bringing about the 







change of saechurine matter contained in malt, into alcohol, 
&c. ; and then the further change of tho alcohol by means of 
the Mj/rodmii'i Acdi into acetic acid. If we can find an 
organism which will make this change complete, and resolve 
the matters presented to it into its constituent elements, or 



1 4 Foul Matters f their Character and Camposttiany 

hflitnloM combinations of them, saoh as carbonio acid, water, 
&o«i we shall bo ablo to bring about all that we desire. 

There are many such organisms doubtless, as we know of 
their work ; but it is fortunately not necessary to enter on a 
long (hisoription of them in order to describe the results. It 
is stifllciont to know that they exist, and that we have them 
at our command to use as we please. They are present in 
the air, and in the waters, however pure, and in enormous 
numbers in sewage water. All that is required is to give 
those mosi suitable for our purpose the opportunity of exert- 
ing their beneficial characteristics, when they will infallibly 
multiply to a dt^greo inconceivable to those who have had no 
experience of the remarkable manner in which they greedily 
eat up all that is presented to them under favourable condi- 
tions. 

If any porous material, such as coke breeze, burnt clay, 
Ao.| bo placed in a vessel or tank, and sewage water admitted 
thereto, a largo proportion of the filth, which is only another 
name for the complex organic matter containing gelatine, 
ohondrino, albumen, starch, &c., contained therein will adhere 
to the rough sides of the coke, or other material ; and the 
organistus« whether known as bacilli^ micrococci^ &c., wUI 
eonimoniH) their work by feeding and multiplying, so that in 
a short time Uie whole surface of each particle of coke, or 
other material which may be employed, will be covered by 
them* liot the water be drawn off gently, after suflScient 
time has l>eeu allowned for tlie adherence of the fine particles 
of matter to the ci>ke. Air will be admitted as the water is 
lowered, and a fresh impetus will be given to the little 
workers who will soon be ready for another supply of food 
to be given to (hem in the form of a second quantity of foul 
water* It will be at once seen that if the supply of air and 
food is maintained regularly and at proper intervals these 
processes may continue indefiniteLy, and that we can bring 



Combustion and Oxidation^ Putrefaction^ Bacteria. 16 

about the destruction of the objectionable matters completely 
and economically for as long a time as may be desired. Of 
course the question will at once arise as to what becomes of 
the dead bodies of those bacteria which succumb in the 
struggle for existence. In reply, I would point out that a 
dead bacterium will be only so much food for his friend, who 
does not show much feeling in the matter, and evidently 
considers that all is fish that comes to his net. 

Such, then, is Nature's method of purification. In succeed- 
ing chapters we shall see how these principles may be more 
particularly applied in practice, and what are the difficulties 
to be met with in the course of the work. 
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harmless oombinations of them, such as carbonic acid, water, 
&o., we shall be able to bring about all that we desire. 

There are many such organisms doubtless, as we know of 
their work ; but it is fortunately not necessary to enter on a 
long description of them in order to describe the results. It 
is suflScient to know that they exist, and that we have them 
at our command to use as we please. They are present in 
the air, and in the waters, however pure, and in enormous 
numbers in sewage water. All that is required is to give 
those most suitable for our purpose the opportunity of exert- 
ing their beneficial characteristics, when they will infallibly 
multiply to a degree inconceivable to those who have had no 
experience of the remarkable manner in which they greedily 
eat up all that is presented to them under favourable condi- 
tions. 

If any porous material, such as coke breeze, burnt clay, 
&o., be placed in a vessel or tank, and sewage water admitted 
thereto, a large proportion of the filth, which is only another 
name for the complex organic matter containing gelatine, 
ohondrine, albumen, starch, &c., contained therein will adhere 
to the rough sides of the coke, or other material ; and the 
organisms, whether known as bacilli^ micrococci^ &c., will 
commence their work by feeding and multiplying, so that in 
a short time the whole surface of each particle of coke, or 
other material which may be employed, will be covered by 
them. Let the water be drawn ofE gently, after sufficient 
time has been allowed for the adherence of the fine particles 
of matter to the coke. Air will be admitted as the water is 
lowered, and a fresh impetus will be given to the little 
workers, who will soon be ready for another supply of food 
to be given to them in the form of a second quantity of foul 
water. It will be at once seen that if the supply of air and 
food is maintained regularly and at proper intervals these 
processes may continue indefinitely, and that we can brin 
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matter suspended in the river water. It therefore appears to 
me an obvious conclusion that a very large portion of the 
detritus of faeces thus manifestly lost in the river is not lost 
by decomposition^ but utilised by countless thousands of living 
creatures. The difference between the results of these two 
different processes will be at once understood when we 
reflect on what would be the state of London if all the 
animals consumed as food were left to decompose in th© 
streets." 

This was, in fact, well illustrated in the case of the river 
Thames in the year 1887, when chloride of lime, which I had 
abandoned in 1884, was used in opposition to my advice, it 
having been employed temporarily in consequence of its 
being the only material available in sufficient quantity at that 
time, as the permanganate of soda subsequently used could 
not be purchased in quantity, or at a reasonable price, until I 
undertook its manufacture, at Crossness, in the autumn of 
that year. The result of the experience then obtained was 
most definite. Unless large and continuous doses of chloride 
of lime were employed and kept up, until the wet weather 
set in, the indications were clear that by killing off the 
organisms we were preparing for the fulfilment of Dr. 
Sorby's suggestion, only carrying out the process in the 
river instead of in the streets. In 1887, another chemist 
was consulted by the late Metropolitan Board of Works, as I 
was thought to be extravagant in using permanganate of 
soda, although I was spending on temporary measures only 
from a quarter to one-half the annual sura which was con- 
templated for the permanent cure. That gentleman, looking 
at the question solely from the chemical standpoint — although 
I put the biological side before him at our first interview — 
recommended a renewed trial of chloride of lime, as it was 
thought to be cheaper so far as its power to liberate oxygen 
was concerned. 

D. (J 
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While the effect of the chlorine remaiued no great harm 
was apparently done, hut when this fell off the whole portion 
of the river affected became one stinking black mass of cor- 
ruption — so bad indeed was it, that some persons drew 
samples of water at Blaekwall, and used them for ink to 
write letters to the newspapers. 

Surely this experience was on a scale sufficiently large to 
have effectually settled all dispute on the point ; yet at this 
present moment there are cases in which the same principles 
are still at work, although not on so large a scale, and 
thousands of pounds sterling per annum are still being worse 
than wasted on such processes ; and the teachings of modern 
science are thrown aside, because they interfere with the 
views of interested persons. 

In the previous chapter it was clearly shown that the 
ultimate destruction of organic matter was the end to be 
aimed at, and not a method of preservation. Therefore the 
antiseptic must be abandoned as worse than useless. 
Nothing must be employed which acts as a destroyer of 
microbio life, unless, like the permanganates, it is itself 
destroyed in the act of oxidising such portions of the 
organic matter as are subject to its influence. The use of 
permanganate for the temporary deodorisation of the London 
sewage was much misunderstood in consequence of the 
generally-received idea that its action was only that of a 
disinfectant, and that, therefore, all other disinfectants were 
equally as efficacious, if not more so, as they could be 
obtained at a cheaper rate, and therefore would do more 
work. So the lecture- table chemist, without considering the 
biological aspect of the case, declaimed against permanganate 
with the results above referred to. In addition to its power 
of killing foul odours, permanganate has no odour of its own 
to set up in the place of that destroyed; it is a complete 
deodoriser ; but 'm small quantifies it is not an antiseptic, as 
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in doing its own work it is itself destroyed, and there is 
nothing left to injure the living organisms. Its method of 
action is the reverse of that of the antiseptics, for it accomplishes 
its work by destroying the putrescent matters presented to 
it. Of course, the argument in reply to this is that the 
quantity which can be used within financial limits is so 
small as to be of but little effect, and is only a trifling pro- 
portion of that required to oxidise the whole of the 
objectionable matters in the sewage. This is, so far, true, 
but it deals with the first portion of our oxidation scheme. 

The matters in an actually foul state are the only ones 
that require immediate attention, the rest may be left for 
the organisms to eat up, if they are left undisturbed, and 
not killed outright by poisonous compounds. Consequently, 
the quantity of permanganate required is only a fraction of 
that which would be necessary for the complete destruction 
of the whole of the organic matter. It is a remarkable and 
most valuable characteristic of permanganate acid that it 
exerts a selective action on those matters which are in an 
advanced state of decomposition. For instance, a cold 
dilute solution of fresh gelatine is but very slowly affected, 
but when once putrescence has commenced, its action is 
instantaneous. The value, therefore, of permanganate is 
that while it at once stops the nuisance, it does not create 
another in its place, but leaves nature to follow its usual 
course, and where suitable conditions prevail for the ultimate 
purification of sewage, to proceed with her work without let 
or hindrance. 

The attempt to control nature instead of assisting her has 
been the great obstacle in the way of all improvements for 
BO many years, and even when the right path has been 
pointed out many have declared that the satisfactory solution 
of the sewage problem was almost as far off as ever. With 
this I do not agree. As I once remarked, in reply to such a 

c2 
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Biiggestion, "The great Btainbliiig-bloek in the way of a 
proper solution of the diflBculty was the interested motives 
and unfounded statements of many who were absolutely 
unacquainted with the practical difiBculties of the case. If 
the efEorts made to tear aside the veil from these various 
mysterious processes were in any way successful, an enor- 
mous stride would have been made. Immediately sanitarians 
recognised the fact that the power of chemistry in this 
matter was limited, that sewage had to be got rid of at the 
cheapest rate, whether profitably or not, and that common 
sense was in many respects the best guide, a new era in the 
treatment of sewage would have arisen, and rapid progress 
might be anticipated." Looking back on the experience of 
the past ten years, I can read these remarks and repeat them 
with ten-fold force. The antiseptics for sewage treatment 
have faded, or are rapidly fading, out of sight, and it has 
come to be recognised that the microbic action is the chief 
one now worth further study. 

When I first proposed to treat the London sewage on 
biological principles I was laughed at and thought to be a 
madman. But time has justified my action, and many have 
rushed forward and would seem as if desirous of claiming the 
credit. 

It may, therefore, not be out of place to put on record the 
way in which the present scheme of treating the London 
sewage came to be worked out. 

In my earlier years I was, like many others, a lover of 
aquaria, and spent much time in roaming over the delightful 
fields of Hampstead and Highgate in search of specimens, 
being out at five o'clock on many a fine morning, and 
returning home to breakfast with trophy rich and rare, in 
addition to a hearty appetite. The loviog study of the 
specimens so obtained (never shall I forget my first gathering 
* of Vokox Glohator in a pond at West Hampstead) prepared 
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me to listen with eager eara to Dr. Sorby's chats on the 
results of his microscopical examinatioii of the river Thames 
in 1880-2. From this it will be readily gathered that when, " 
in the early summer of 18Si, the MetropoHtaa Board of 
Works gave me the order to deodorise tha whole of the 
London sewage, I was prepared to deal with the river in the 
hght of ft big aquarium, aad looking upon my early experi- 
ences, and ha^-iug Dr. Sorby's observations in my mind, I 
came to the conclusion that whatever chemistry could do, it 
must be subordinate to the biological considerations. In 
order, however, that in a matter of such vast importance I 
should not make a mistake, I obtained official sanction to 
consult Dr. Duprc, who heartily worked with me. 

That he was in close agreement with me in these views 
will be seen from the following estraets from a report pre- 
sented by him during that year to the Local Gofemment 
Board, on " Changes in the Aeration of Water as Indicating 
tha Nature of the Impurities therein" : — 

" If a perfectly pure water, fully aiirated, were kept in a 
bottle in such manner that it could neither lose nor absorb 
oxygen, it would no doubt remain fully aiirated for any 
length of time. If, however, the water contained any kind 
of impurity capable of combining with oxygen, the propor- 
tion of oxygen remaining in the water would after a time 
diminish. The amount of oxygen thus disappearing might, 
to a certain extent, be token as a measure of the amount of 
matter present capable of combining with or consuming free 
oxygen. In this respect a changed degree of aeration would 
stand on a footing with the older method of estimating the 
relative amounts of organic matter present in various samples 
of water by the amount of oxygen absorbed by them, under 
certain conditions, from permanganate of potassium. If this 
were all the information to be got by the aeration metliod, it 
vould have nothing to recommend it over the permanganate 
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the living organised bodies, such as bacteria, &c., which give 
rise to the phenomena known as putrefaction. This ques- 
tion is one of such vital importance to the after-character of 
the effluent, that it is necessary to discuss the subject at 
length." 

" The researches of Warington have demonstrated that the 
process known as nitrification of the complex nitrogenous 
bodies existing in sewage during its filtration through land, 
is brought about by definite organisms, who in their life 
processes feed upon the sewage matters, and evolve the 
nitrogen in the form of nitric acid. As with the nitrogen, so 
with the carbon, which is absorbed as food, and evolved as 
carbonic acid. "Without these life processes, whether they be 
of an animal or vegetable nature, no destruction of the 
objectionable matters can take place. As the very essence of 
sewage purification is the ultimate destruction, or resolution 
into other combinations of the undesirable matters, it is 
evident that an antiseptic process is the very reverse of the 
object to be aimed at. If a preservative process be required, 
a receptable should be provided for the preserved matters, 
and in order to ensure that the antiseptic process should be a 
continuous one, any subsequent treatment or method of 
disposal must avoid the destruction of the antiseptic em- 
ployed. In the case of lime, which, in the form of strong 
Eolutions, is a solvent of organic structures, what time will 
elapse before its neutralisation by absorption of carbonic acid 
and consequent loss of antiseptic properties will take place 
after the discharge of the effluent into running water ? 
Obviously only a very limited period, after which the growth 
of organisms, so zealously destroyed, vnll recommence by 
reason of the numerous spores in the water of the river and 
in the air, with which it is constantly in contact, and there 
will thus be an end to the antiseptic properties of the system. 

** The lesson to be learnt from the numerous experiments, 
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published by various authorities, both in this country and on 
the Continent, is that bacteria and other low forms of organic 
life are most potent in the destruction of all objectionable 
refuse. Modem experience shows that, when this subject is 
better understood and thoroughly worked out, in all pro- 
bability the true way of purifying sewage, where suitable 
land is unavailable, will be first to separate the sludge, and 
then to turn into the neutral effluent a charge of the proper 
organism, whatever that may be, specially cultivated for the 
purpose, retain it for a sufficient period, during which time 
it should be fully aerated, and finally discharge it into the 
stream in a really purified condition. This is, indeed, only 
what is aimed at and imperfectly accomplished on a sewage 
farm. It is true that knowledge on the subject is not yet 
sufficiently advanced to put such a system into practical 
operation, but sufficient is known to show that the antiseptic 
treatment of sewage is the very reverse of Nature's method. 
The author has not the slightest doubt but that the future 
treatment of sewage will be a combined chemical and 
biological one, as suggested elsewhere by Dr. Dupre." As 
will be seen from the foregoing, that suggestion was the one 
thrown out by Dr. Dupre a few months before, when re- 
ferring to the experience we had gained during the previous 
three years in connection with the deodorisation of the 
sewage of London, and was in conformity with Dr. Sorby's 
views as to the cause of the disappearance of the efEete 
matters in the river. 

It will now be easily understood that in the light of these 
views I was enabled to recommend a simple and economical 
scheme for the removal of the gross solid matters, leaving the 
remainder for my allies, the lower forms of life, as one leaves 
the scraps of the domestic table for the benefit of the chicken 
yard. 

Following the publication of these statements in 1886 and 
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1887, which thus clearly laid down the proposed new 
departure in sewage treatment, the Massachusetts State 
Board of Health commenced a series of experiments, and 
during the next three years entirely confirmed these views, 
as well as those relating to the principles of the chemical 
treatment best adapted to separate the solids from the liquid 
matters in the sewage. Their carefully-conducted and 
liberally-published experiments completed the rout of the 
sceptics as to biological treatment of sewage, and one of my 
most bitter opponents handsomely acknowledged in plain 
words that "you were right and I was wrong." But he 
was an old soldier, who could fight like a tiger and behave 
as a gentleman ! May there be many more such ! 

Valuable as were the results of the Massachusetts experi- 
ments, they still left the question in an imperfect form, as 
the quantity of sewage treated was too small to serve as a 
guide as to what could be done in practice. Doubtless this 
was due to the aiming at too high a degree of purification, as 
would happen in most laboratory experiments. It therefore 
became necessary that more precise data should be obtained 
on a working scale, and this I have had the opportunity of 
putting on record in connection with the experimental filter 
beds at the Northern Outfall Works of the London County 
Council from 1892 to the present time. Without going into 
details — which will be found in another chapter — it will here 
suffice to say that I am still more than ever convinced of the 
truth of my earlier prophecy referred to above. If there be 
an exception, however, it is that the bacteria may be made to 
do all the work, and chemistry may stand aside, except as a 
handmaid in the hands of the experimentali&t, to show the 
rate and amount of work which is being done. 
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CHAPTEE III. 

VARIOUS PROPOSED METHODS OF ARTIFICIAL PURIFI- 
CATION — PRECIPITATION, 

We ai'e constantly hearing of meetings here and meetings 
there, and as constantly reading letters and articles in daily 
and other papers, setting forth the great evils occasioned by 
the pollution of this or that stream, and the benefits, both 
monetary and otherwise, to be derived from the adoption of 
so-and-so's last new patent. Local Boards are told in 
sonorous phrases that their troubles will be over as soon as 
some particular scheme is at work. Large sums of money 
are raised, after costly and elaborate inquiries by high 
officials; lunches are eaten and jaunts undertaken by in- 
quiring deputations to distant spots ; and reports with well- 
rounded periods are published. The works are opened with 
mutual congratulations, and happy officials go home to bed 
to dream that all their troubles are over, and that their 
particular charge will be for ever free from reproach. Alas ! 
the temporary joy is soon damped. Somehow or other, the 
grand scheme is not found to answer in such a manner as all 
hoped for. Complaints come in, dry seasons arise, and the 
" great question " is again to the fore. Again and again the 
same sequence has been repeated. Sanitarians — save the 
mark ! — ^grow fat, and the ratepayers groan under an ever- 
increasing burden, and sigh for the days of their forefathers. 
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who worked, lived, and died at a good old age, nntrammelled 
with the multitudinous problems of modem civilisation. 

It will be at least amusing, as well as profitable, to run over 
a list of some of the schemes which have been before the 
public from time to time in connection with the disposal of 
sewage. The prevalent idea in the minds of inventors seems 
to have been the possibility of making immense fortunes out 
of the filthy matter. This is evidently the starting-point of 
the majority; without more specifically mentioning any 
particular company or proprietary process, the great 
" sanguinary " scheme may be iustanced. The ingenious 
inventors of this scheme imagined evidentlj^ that the " blood 
is the life," and that as a living and vital substance it 
attacked in some way the manurial properties of the foul 
liquid, and dragged them into captivity for the benefit of the 
farmer, and thereafter mankind. Unfortunately for the 
energetic proprietors of this method, it has been given up by 
one authority after another, after making a gallant stand. 
Peace to its ashes ! 

Another great scheme, of which there was much talk a few 
years ago, was one in which a profoundly " scientific " process 
was involved, so "scientific," indeed, that no one could 
understand it, not even the inventors themselves, although 
they succeeded in raising considerable sums of money to start 
it. Clay, caustic soda, muriatic acid, chalk, sulphuric acid, 
copperas, with various other ingredients, were mixed up and 
sent into the sewage stream. A mud was naturally obtained 
in a tank, and this was dubbed "manure." But the un- 
happy shareholders failed to reap their expected reward, and 
we have heard no more of the inventor's efforts in this 
direction. 

One scheme in particular for treating sewage claimed with 
a loud voice that it completely destroyed all the organisms 
imd preserved the sewage from decomposition, and that the 
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sludge obtained was good for treating a further quantity of 
sewage, and so on for a snccession of Bueli treatments. Un- 
fortunately, the effluent contained more organic matter than 
the liquid of the original crude sewage, the effect of the 
process being to dissolve some of the solid matters. This 
plan seems, fortunately, to have died out. 

To enumerate all the wild theories and plans for obtaining 
money oiit of eewage would require volumes, and even a 
condensed account would soon tiro the reader. Almost every 
substiince imaginable has been proposed by the telievers in 
the doctrine " that the water won't have it, and the land 
wants it." One imaginative gentleman proposed to gather 
" all the sewage of England and Wales into a big receiver, 
fitted with working sluices," there treat it by some mysterious 
means, and make " many millions sterling " profit out of the 
results. This joyful suggestion has been only equalled by 
the grand discovery, not long since announced, that a new 
electrical battery had been invented which turned the 
chemicals tised into still more valuable products. The 
criticism of this splendid plan by a well-known technical 
journal was unique. " It only remains for the Government 
to buy up the patent, light up the country with (he electric 
light, and pay off the National I>ebt with the proceeds." 

The great Btumhling-hloek to progress has been this one 
all-absorbing idea of making a profit out of sewage, and the 
natural consequent cupidity of both inventors and authorities. 
The sound common-sense brought to light by the labours of 
Eoyal Commissioners and others has dissipated this en-oneous 
idea from the minds of all unprejudiced students of the 
question. The late Lord Bramwell and hie colleagues spoke 
out boldly, as well they might. " Sewage disposal cosfa 
money ; it involves an expense whiiih must be met," said 
they. They put their feet down with all the weight of their 
authority upon the worn-out notion that the manurial Talue 
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of sewage in to be taken into consideration as part of the 
general queHtion. Where the small manorial value present 
in tlie sewagf} can be realised, let this be done bj all means ; 
but tlio primary consideration must be that of the effectual 
diH[)OSttl of tlie impure flood without nuisance, and next, if 
][K)HHiblo, the reduction of the expense in those few limited 
coses in which surrounding conditions are favourable. 

One of the most frequently misunderstood points is that of 
disinfection, disinfection direct, as applied to sewage, is 
but rarely if ever attained. Partial deodorisation is frequently 
and (usily applied, but absolute disinfection plus deodorisa- 
tion can only bo obtained by one of throe systems — First, by 
preliminary defcocation, followed by filtration through large 
areas of suitable soil. Secondly, by sufficient dilution with 
very large volumes of well-aerated and comparatively pure 
water. In this case enormous numbers of organisms rapidly 
dispose of the welcome food. This is naturally a simple 
process, and is apt to fail when most required, namely, during 
dry and hot weather, when the supply of sufiicient water 
fails, and the diminution of dissolved air in the water, by 
reason of the enormous increase of the living organisms 
using it at a faster rate than the water can dissolve fresh 
quantities of air, is such that these minute servants of man 
aro Hulfooated as surely as the poor folk in the Black Hole of 
(^^aleutta. Thirdly, by the direct bacteriological treatment 
under conditions hereafter described. 

l*reoi[)itation of the solid suspended matters is an admirable 
and advisable proceeding as a preliminary process in certain 
cases, although hero ogain the bacteria are coming rapidly to 
the front, and are placing this method in the category of the 
past. Its great misfortune is that well-intentioned but 
nustaken folks have promised such great things from the use 
of the method, that its virtues are in danger of being over- 
looked, and the good really effected lost sight of in the 
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oft-repeated disappointments. Chemical precipitation, so 
far as it is applicable to sewage, mainly effects one thing 
only, and that is the separation of the suspended matters from 
the liquid ' matters. Under favourable circumstances a 
certain percentage of the dissolved impurities may be carried 
down, but in no case is this fully secured. Whatever may 
be claimed to the contrary, there is not a workable process 
of precipitation yet invented which will do more than effect 
a separation for all practical purposes of the solid from liquid 
matters. That is to say, that if a thoroughly good effluent, 
as we now understand it, be required, the ** tank " effluent, 
as it is called, obtained by chemical precipitation, must be 
submitted to further treatment. The chemist in the labora- 
tory can certainly attain this happy result, but the expense 
would be so enormous, and therefore prohibitory, that no one 
would listen to such a proposal. The salts of aluminium and 
iron, with lime, will effect much, but their use in even pre- 
posterous quantities will not materially reduce the dissolved 
impurities in sewage-polluted water. 

SOLUBILIFY OF THE SUSPENDED MATTERS. 

The solubility of a portion of the suspended matters in 
solutions of lime seems to have been entirely overlooked by 
the many writers on the subject. The results of numerous 
experiments made by myself, on both large and small 
quantities of sewage liquid, have fully demonstrated the fact 
that the use of an excessive quantity of lime, while affording 
a rapid settlement of the sludge, and a more or less clear 
eflSuent, dissolves a by no means inconsiderable quantity of 
the offensive matters previously in suspension, and this is apt 
to render the last state of the liquid worse than the first. 

In proof of this statement, I would point to the following 
results of a special experiment made for the purpose of 
demonstrating the fact clearly. Carefully-washed sewage 
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sludge was diffused in clean water, the mixture was agitated 
for five minutes and a sample withdrawn ; an excess of lime 
was then added, and the mixture again agitated for another 
five minutes. If the action of the lime were purely one of 
precipitation, no increase should have been observed in the 
soluble matters previously in the water. The limed liquid, 
however, instead of containing less dissolved oxidisable 
organic matter, was found to absorb about three times the 
quantity of oxygen required by the unlimed liquid. The 
actual result being : — 

Uxperimenf to Ascertain the Effect of Lime upon Sludge. 

Oxyeen absorbed from 
Peiman^anate in 4 hours. 
Aqueous extract of thrice- washed sludge (filtered 
through p ipsr) 023 grain per gallon. 

The same, after the addition of lime, agitation for 

five minutes, and filtration through paper 0"71 ,, ,, 

The well-known objectionable character of the liquid 
pressed from sludge, which has been treated in the usual way 
with lime, is a striking instance of its action on the solid 
matters. 

This solvent action of substances used as precipitants may 
also be illustrated by the action of alum and sulphate of 
alumina upon chondrine, previously mentioned as an organic 
constituent of sewage. This compound is thrown out of 
solution by a small quantity of alum, but the precipitate is 
immediately re- dissolved by even a slight excess. Common 
salt will also effect this re-solution. 

The obvious lesEon to be learnt from these results is, that 
before any system of precipitation is adopted for a particular 
sewage, care should be taken to ascertain that the intended 
process in no way exerts a solvent action on the matters 
which it is desired to remove. Having determined this 
primary point, the next question is, "To what extent are the 
matters in solution affected ? " 
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DISSOLVED IMPUniTIES AND THEIR PARTIAJ, REMOVAL. 

This point hag given rise to no little controversy. Authori- 
ties on either side have differed widely, and it is only in view 
of the unmistakeable results obtained in the course of many 
experimenta that I ventured to set aside all statemente 
hitherto made on the subject, and to place on record the 
outcome of work, specially conducted for the elucidation of 
this important branch of the inquiry. 

It must be obvious to the moat superficial observer, that in 
dealing with so variable a substance as water-carried sewage, 
results of an eqiiaUy varying nature are likely to be obtained. 
If a large quantity of a soluble organic substance be diffused 
in half a pint of water, it might be thought that little trouble 
would be experienced in precipitating a considerable portion 
of it, with only a moderate quantity of the chemical agents 
suitable for the purpose. On the other hand, if the same 
quantity of matter were diffused in several gallons of water, 
it would not be surprising if the desired precipitation were 
not so readily effected. 

This consideration is not a suggestion merely, but the 
outoome of actual demonstration, and it explains the cause 
of the various contradictory statements on the subject. To 
exhibit the facts in a clear light, I have tabulated the results 
of the examination of varying samples of sewage and other 
BolutioDs, both before and after treatment by the usual 
precipitation agents employed on sewage works (Table III.). 
For the purpose of ascertaining the degree of impurity 
present in the samples, the standard adopted is the quantity 
of oxygen absorbed by the organic matters from permanga- 
nate of potash, acting in an acid solution at a temperature of 
80 deg. Fahr., during four hours in a closed vessel. In some 
cases these results have been checked by the albuminoid- 
ammonia process, but the former method is one peculiarly 
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Tahi.e III. — Shoicing the Poventiige Seilucfion of Oxtiiitabh Organic 
{All qHaafilies are stated 
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Matter in Solution by Various Methods of Chemical Prectpittifio. 
in grains per gallon,) 





13 


li 


15 

II 


16 


17 


18 


19 


20 


21 


22 


23 


24 


26 
























S^S 




S^S 


s-^s 


S3S 


g£g 






1 


1, 


h 


IJ 


IJ 


1 1 


1 J 


iJ 


§ 1 


j.l 


-J, 


S. 

' -3 


-A 






ii 


II 


n 


1 


ill 


^-^ 


ll = 


n 


^-^ 


Ui 


■|- 


'■Si 


■-^.^ 






i* 


4!S 


-ys 


S. 


III 




^i4 




.S3,s 


su 


|J3 


:^l 


m 


? 




a 


a 


;!l 


h 


alq 


11^ 


ih 


m 


Jll 


m 


M^A 


■5 




u 


Sfl 


SB 


.IS 


40 


n 


32 


34 


37 


39 


44 


49 


53 


34 




■M 


SS 




av, 


32 


33 


36 


67 


46 


45 


40 


43 


58 


33 




■>.n 


:iii 


VN 


Ih 


27 


19 


17 


25 


22 


23 


21 


28 


45 


■'3 




n 


3ft 


;ni 


n 


32 


30 


31 


30 


26 


36 


30 


30 


45 


31) 




71 


■fa 


y+ 


Ifi 


21 


H 


14 


16 






14 


26 


41 


It 




Kfl 


M 


4(1 


;i7 


38 


38 




33 


37 






55 




3ri 




ffi 


■>K 


:<■> 


in 




19 




22 




2G 


20 


24 


59 












■H 




28 






25 








59 






a 


as 


ifl 


'11 




19 


21 


16 


13 


22 


29 


31 


64 


■!;>. 




11 


•/•i 


l!l 


IK 


22 


21 


25 


2.3 


25 




25 


25 


45 


IM 




IH 


■n 


Ifi 


14 


15 


13 


15 


16 


11 


14 


8 


18 


39 


15 


n 


Vfl 


3H 


VI 


24 


25 


24 


26 


27 


33 


40 


40 


69 


■n 




■M 


VJ5 


■M 


Ifl 


22 


25 


21 


21 


24 


22 


25 


40 


64 


■n 




n 


Sl^ 


1» 


■rt 


18 


19 


19 


IS 


18 


20 


19 




4S 


■H\ 




n 


n 


VI 


Vl 


19 


IB 




22 


27 


19 


17 


21 


47 


14 




n 




'M 


ifl 


19 


17 


18 


22 


26 


26 


28 




62 


■'1 










10 


19 


\6 


14 


15 


13 








45 






m 


27 


31 


20 


2J 


19 


23 




39 


31 


30 


41 


58 


23 




•2o 

s 

9 


2ti 

10 

7 


29 

la 
n 


ly 
a 


22 
7 
12 


17 
7 
11 


22 
11 
12 


26 
13 
13 


18 
13 
14 


29 
13 
11 


29 
13 
13 


40 
29 
16 


65 
68 
44 


20 
10 
10 




'Ml 


11; 


■^s 


•^; 


20 


20 


20 


22 


21 


25 


22 


S3 


59 


v;( 




H 


13 


14 


10 


10 




2S 


IS 


12 


12 


14 


19 


50 


17 




36 


35 


3D 


IB 


22 


20 


23 


24 


21 


26 


24 


31 


82 


- 










































































S 






























































=s 




■■ 


" 


M 


"' 


-J. 


■^ 


S" 






fll 


6a 


Z 


M 


z 


z 


z 


z 


z 


- 


z 


~ 


z 


z 































Voloma of Mwage taken at 1S6,SOO,000 gallom per dajr. 



36 Various Proposed Methods of Artificial Purification. 

adapted for indicating the work required to be done in the 
ultimate purification of the objectionable matters. The 
various chemicals used were first dissolved in portions of 
the sewage treated, to avoid errors' due to the apparent 
removal of the dissolved matters which would have been 
indicated if the solutions had been made with clean water. 

The conclusions indicated by the results given in 
Table III. are tolerably clear. The first portion of the 
table shows the results of the examination of twenty-three 
series, each consisting of twenty-five different effluents, 
obtained by as many processes, resulting from the treatment 
of a given sample of sewage collected from the metropolitan 
system. This exhaustive examination fully confirms the 
statement, made elsewhere, that no practical process of 
chemical precipitation is capable of removing more than a 
limited quantity of the oxidisable organic matters in solution 
in London sewage. 

The results further demonstrate the striking superiority of 
iron over alumina for sewage purification. By the use of 
iron sulphate in conjunction with lime, as much work is 
effected (on the basis of the London sewage) for 31,000/. per 
annum as would be obtained by an expenditure of 82,000/. 
for alumina and lime. Even when lime and alumina, with 
the help of onlj- one-twentieth of their weight of iron 
sulphate, were added to an extent of 178,000/. per annum, 
not so much work was accomplished as by an expenditure of 
only 54,000/. for lime alone when used in solution. Alumina 
is valuable chiefly for its effect in removing some of the 
colour from the effluent, and thus appealing to the eyesight ; 
while the matters actually dissolved are there uevt-rthelees. 
The ol>sorvations with regard to the action of alum upon 
cliondrino already made will help to explain this. The 
exjvriments with animal charcoal — column 17 — show that if 
this subi^tance were used to an extent of 182,o00/. per annum 
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the benefit would be practically nil. The table also indicates 
most clearly the danger of drawing conclusions from the 
examination of one or two samples only. 

The second portion of the table gives some resxdts which 
will explain the remarkable differences of opinion expressed 
by Yarious authorities as to the percentage reduction of 
dissolved solids by various processes, when acting on sewage 
of a character different from that of London. The sewage 
used for this purpose was obtained from other sources, and 
was evidently of such a character that the oxidisable dissolved 
solids were readily precipitated by even a small quantity of 
lime in solution, viz., 5 grains, no less than 52 per cent, 
being removed. The addition of an iron salt to the limed 
sewage effected a further reduction of from 9 to 17 per cent., 
or, in the latter case, a total reduction of the dissolved oxidis- 
able matters of 69 per cent. 

In order to test this point further, and to show that no 
benefit is derived from the use of an excessive quantity of 
chemicals, the results of a series of precipitation experiments 
on solutions of clear mutton extract are given in Table IV. 
The results show that the same quantity of chemicals is 
capable of removing from 46 to 90 per cent, of the total 
oxidisable matter, according to the strength of the solution, 
and that a very large increase in the quantity of the chemicals 
used affords no advantage whatever, the results being prac- 
tically the same, the differences, such as they are, being in 
favour of the smaller quantity of re-agents employed. 

It is thus seen that statements which have hitherto met 
with a great deal of scepticism on either side may be perfectly 
correct, the difference being solely due to the variable nature 
of the sewage operated upon. 

These various considerations unquestionably point to the 
general conclusion that where it is intended to treat the 
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sewa^ by cbemical means, the following rules should, as far 
ae pmctioahlo, he observed, viz. : — 

(1) That the sewnge should be diluted as little as possible. 

(2) That the flow of sewage should be adjusted so that 
the agitation of the particles in suspension should be of a 
minimum character. 

(3) That, unless absolutely necessary, no pumping should 
take place before precipitation. 

Table IV. 
Ptrcnifdffe reduction of Oxidtsabfe Organic Matter in a Soiu- 
tion of clear Mutton Extract by Chemical Precipitation, as 
rutimatfd by the Absorption of Oxygen from Permanganate 
of Potash in Ihiir Hours acting at a temperature of 80 deg, 
t\ihr. ill closed rcssels. 
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The consideration of these results leads to the inevitable 
conclusion that excessive expense in striving to attain the 
impossible, viz., perfect purification of sewage liquid by 
chemical precipitation, is not permissible. The minimum 
cost at which a fair separation of the liquid from the solids 
can be effected should be aimed at. The money so saved 
will be spent to far better purpose in constructing porous 
filter beds for the final purification by bacterial action, as 
previously pointed out. 

In the case of farm irrigation with either the effluent or 
crude sewage, the process is essentially a bacterial one. The 
usual practice is to run the sewage or effluent, as the case 
may be, over fields prepared by means of drainage trenches, 
and by ploughing from time to time ; and thus to allow the 
light suspended matters to be retained on the soil, where 
they are eaten up by the various organisms, bacterial and 
otherwise. The objections to this method are that, in the 
first instance, the expense of the land and laying it out is 
very considerable. After a time, when the land has become 
clogged with filth from the sewage, where this is used crude, 
a nuisance is apt to be created by the odours from the fields. 
It must be obvious that if an equally satisfactory result can 
be obtained by more economical means, such a method must 
be preferable, especially if the freedom from nuisance be 
considered. It will be seen later on that such a result is now 
obtainable. 

As showing the character of the matters obtained from 

ordinary water-carried sewage after they have been pressed 

in the form of " cake," the following table will be of 

interest : — 

Table V. 

Average Composition of Pressed Sewage-Sludge from Crossness. 

Per cent. 

Moisture 58-06 

Organic matter 16*69 

Mineral 26-25 

100*00 
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The organic matter contains — 

Per cent. 

on pressed Per cent, 
sludge. Nitrogen. 

Saline ammonia 0*035 \ 

Organic nitrogen, calculated as / 0*87 

ammonia 1*025 / 

The mineral matter contains — 

Per cent. 
Carbonate lime 7*94 

Free lime 2*45 

SiUca 808 

Oxide of iron 0*97 

Oxide of alumina , ^ . 3'39' 

Phosphoric acid (= phosphate lime 1*44) 658 

Magnesia traces 
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CHAPTER IV 



niEIMENTS AT MASSACHUSETTS, LONDOK, AND SUTTOIT 



IIavikg now arrived at the point where we may proceed to 
discuss the experience gained up to the present time, it will 
be advisable first to consider very carefully the various 
experiments which have been made in America and in 
England. As shown in the second chapter, I pointed out 
in 1887 that without the intervention of living organisms no 
material deetruction of the complex bodies existing in sew- 
age could take place. This was the fundamental idea under- 
lying my work in connection with the purification of the 
Thames. 

Following the publication of these views, the State Board 
ol Health of Massachusetts commenced their series of 
elaborately -conducted espeiiments in November of the same 
year, and during the years 1888, 1889, and 1890 obtained 
very valuable results. So thorough were these that no 
apology is needed for including a rdmmii of them in a work 
such as the present. 

The filtering grounds are situated in the easterly part of 
the city of Lawi-ence, on the north bank of tho Merrimack 
Biver, and comprise about two-thirds of an acre. On the 
northerly side of the grounds is a building 300 ft. long and 
about lOft. wide and 10 ft. high, nearly all below the surface 
of the ground, and hghted by windows in the roof. Running 
lengthwise through the building is a drain, and ahoTe this 
an open wooden conduit, about 2ft. wide, and 1ft. high. 
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resting on pHes, and eloping with the building, viz., 1ft. in 
100 ft. This conduit is now divided at each 25 ft. of its 
length by a tight partition. Each section thus formed is 
used as a measuring basin, being 25 ft. long, about 2 ft. 
wide, and 1 ft. high, and holding between 200 and 300 gal- 
lons, and has an outlet by which the contents may be turned 
into the drain beneath. 

Outside of the building, where the surface of the ground 
is 7| ft. above the top of the measuiing basins, are ten large 
wooden tanks, sunk their full depth into the ground, one 
opposite each of the measuring basins. 

These tanks, numbered one to ten, were made of Cyprus, 
circular in plan, 16ft. Sin. in diameter inside at the bottom, 
17 ft. 4 in. at the top, and 6 ft. deep inside. They were set 
with the bottom sloping 4 in. towards the building. 

In each tank an underdrain, 15 ft. in length, of horse-shoe 
section of about two square inches in area, is set with open 
part downwards, and half an inch above the bottom, resting 
on blocks 6 in. apart, and the floor is covered with one layer 
of coarse gravel stones, about lin. by 2 in., this by another 
layer of smaller size, upon which follow layer upon layer of 
gravel, decreasing in size to | in. in diameter, and making a 
thickness of 3|in. This fine gravel is covered with very 
coarse mortar sand, with top surface level, 3^ in. deep in the 
middle of the tank. Above this substratum, which is the 
same in all the tanks, the several tanks are filled as 
follows : — 

Tank No. 1. — Filled 5 ft. in depth with very coarse clean 

mortar sand. 
Tank No. 2. — ^Filled 5 ft. in depth with very fine, nearly 

white sand. 
Tank No. 3. — Filled with peat from a cultivated field, 

4 ft. in depth, with the previously undisturbed lower 
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layers, and covered 1 ft. in depth with the original top 

layer. 
Tank No. 4.— Filled 5 ft. in depth with river silt, beiug 

mostly a very fine sand. 
Tank No. 5. — Filled 5 ft. in depth with a good quality of 

brown soil, taken in the fall from a garden which had 

been manured and cultivated that season. 
Tank No. 6. — Filled 3ft. Sin. in depth with coarse and 

fine sand and gravel. 
Tank No. 7. — Filled 3 ft. 8 in. in depth with the same as 

No. 6, above which are 10 in. of yellow sandy loam, and 

6in. of brown soil. 
Tank No. 8.— Filled 3 ft. 8 in. with the same as No. 6, 

above which is 8 in. of yellow sandy loam like that in 

No. 7, and this is covered with 8in. of sand and gravel 

like that beneath the loam. 
Tank No. 9. — Filled 4 ft. 3 in. in depth, with a very com- 
pact sandy hard pan of clay, sand, and gravel, covered 

with 9 in. of brown soil. 

In each case the filtering material was thrown from the 
shovel, scattering into water which partly filled the tank. 
After filling each tank to the height given, which was 
generally 3 in. below the top of the tank, a little sloping bank 
1ft. wide was filled around the inside of each tank to prevent 
the liquid applied reaching the side of the tank too freely. 
The area of the surface to which sewage is applied and the 
effective area of the filtering material is regarded as being 
■^^ of an acre. 

Tank No. 10 has been used for the measurement of the 
rainfall and the evaporation. 

From the end of the underdrain at the lowest point in the 
bottom of each tank, extends through the bottom a short 
brass pipe 2 in. in diameter, to which, by a quarter turn, is 
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connected a 2in. iron pipe, which, passing through the ground 
and into the biiilding, conveys drainage from within the 
tank to its measuring basin, where the quantity is read from 
a scale indicating gallons. 

During November and December, 1887, water from the 
city mains was applied to the several tanks. Sewage has 
been brought to the building in a 2| in. pipe of galvanised 
iron from a point in the main sewer of the city about 1 ,000ft. 
above its outlet, and above the entrance of the streams from 
the manufacturing establishments. This sewage from perhaps 
ten thousand people may be regarded as ordinary city sewage, 
similar during very dry weather to sewage separate from 
storm water, but during wet weather very much diluted by 
surface drainage. 

The sewage was raised by means of two pumps into two 
measuring basins within the building at a higher level than 
the top of the filtering tanks, where the quantity to be put 
upon any tank was noted by a scale of heights indicating 
gallons, and was distributed by movable hose to either of five 
tanks from one measuring basin, and to the other five tanks 
from the other measuring basin. 

Besides these large filtering tanks there was placed within 
the buUding ten galvanised iron tanks, having about the 
same depth, but a diameter of only 20 in., giving an area of 
surface of one-hundredth of that of the large tanks, or one- 
twenty-thousandth of that of an acre. These tanks are 
numbered 11 to 20. These were filled with various materials, 
such as sand, &c., as with the larger ones. 

All the large tanks and the trenches were exposed to snow 
and rain through the first winter and summer, and until 
November 20th, 1888, when tanks numbered 1,2, I, 6, 6, 
and 7 were covered with canvas, and trenches numbered 5, 6, 
7, and 8 were covered with boards to keep out the snow. 
The canvas coverings were removed March 13th, 1889. 
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The experiment station at Lawrence was arranged, and 
the experiments conducted, for the purpose of determining 
the fundamental principles of filtration not previously estab- 
lished, and to leam what can practically be accomplished by 
filters made of some of the widely varying materials found 
in suitable localities for filtration areas, that there may be 
deduced from these results the probable efficiency of other 
materials to be found throughout the State. 

About four thousand chemical analyses of the sewage applied 
to the tanks and of the filtered effluent were made in the 
twenty-two months. Observations upon the number of 
bacteria living in the sewage and in the various effluents 
have been made during the two years ; while examinations, 
were made of the microscopic organisms. 

Thus equipped, the officers of the Board proceeded to 
conduct a series of experiments of the most elaborate and 
valuable character, and those who desire to follow them in 
detail should procure or obtain access to the reports of that 
Board for the year 1890, as the present abstract can only 
point out the general nature of the work and the conclusions 
at which they arrived. In their " General View of llesults " 
the Board proceeds as follows : — 

"We have now filtered sewage intermittently througli 
clean gravel stones, larger than robins' eggs, through filters 
made of various grades of gravel and sand, to a sand whose 
particles average but 0*004 in. in diameter— a fine granular 
dust — as well as through soils and peat. With the gravels 
and sands, from the coarsest to the finest, we find that purifi- 
cation by nitrification takes place in all when the quantity 
of sewage is adapted to their ability and the surface is not 
allowed to become clogged by organic matter to the exclu- 
sion of air. 

" With fine soils, containing, in addition to their sand 
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grains, 2 or 3 per cent, of alumina and oxide of iron and 
manganese and 6 or 7 per cent, of organic matter, we find 
that, when only 6 in. in depth, resting upon fine sandy 
material, they retain water so long that the quantity that can 
be applied is so small, and the interval in which this must 
settle and drain away to allow air to enter the field is so long, 
that the amount of sewage that can be purified is very small. 
When the quantity applied is adapted to its ability, such a 
filter may give excellent results, quite free from bacteria. 

" With greater depth of soil the quantity that can be fil- 
tered will evidently become less ; and, with the depth of 5 ft. 
of such a soil, we have found that nitrification did not take 
place ; and, although it was probable that no bacteria came 
through, the organic matter in the effluent was at the end of 
two years nearly as great as in the sewage. This soil 
remained continually so nearly saturated that, when only 
6,000 gallons per acre were being filtered daily, although 
free to drain over every square foot of the bottom, sufficient 
air could not be taken in to produce nitrification ; and the 
chemical result with this material was, throughout the two 
years of its trial, nearly the same as would be expected if the 
filtration had been made continuous instead of intermittent. 

" With peat upon the surface of a filtration area, even to 
the depth of only 1 ft., its imperviousness to liquid, and the 
quantity that it will retain until it evaporates, renders inter- 
mittent filtration impracticable ; and a sand area thus 
covered with peat can be rendered efficient for filtration 
only by the removal of the peat from the surface. 

" The experiments with gravel stones give us the best illus- 
tration of the essential character of intermittent filtration of 
sewage. In these, without straining the sewage sufficiently 
to remove even the coarser suspended particles, the slow 
movement of the liquid in thin films over the surface of the 
stones, with air in contact, caused to be removed for some 
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moDtliB 97 per cent, of the organio nitrogeaous matter, a 
large part of which was in solution, as well as 99 per cent, of 
the bacteria, which were, of course, in suspension, and enabled 
these organic matters to be oxidised or burned, so that there 
remained in the effluent but 3 per cent, of the decomposable 
organic matter in the sewage, the remainder being converted 
into harmless mineral matter. 

" The mechanical separation of any part of the sewage by 
straining through sand is hut an incident, which, under some 
conditions, favourably modifies the result ; but the essential 
conditions are very slow motion of very thin films of liquid 
over the surface of particles having spaces between them 
sufficient to allow air to be continually in contact with tlie 
films of liquid. 

" With these conditions it is essential that certain back-ria 
should be present to aid in the process of nitrification. Tiicse, 
we have found, come in the sewage at all times of the year ; 
and the conditions just mentioned appear to be most 
favourable for their efficient action, and at the same time 
most dootructive to them and to all kinda of bacteria that are 
in the sewage. 

" The coarfe sand filtered 117,000 gallons per acre per day 
for three months, after which the quantity was increased, and 
averaged for five months 177,000 gallons per acre per day. 
The purification was less eonipJete for the first month after 
the change, but in the second and third months it was more 
complete than with the quantity given abovo. Tbe fourth 
and fifth months, however, gave less satisfactory results, 
showing that the filter was becoming overburdened, and the 
surface became much clogged with organic matter. The 
filter was evidently overworked. The other filters, filtering 
quantities decreasing with their perviousness from 60,000 
gallons per acre per diiy to 9,000 gallons, indicated that Ihey 
would continue giving as good results indefinitely. 
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" The results of experiments as to the e£fect on filtration of 
©xchision of air, i.e,^ by continuous instead of intermittent 
filtration, was that no nitrification takes place, and the effluent 
gnwlually becomes worse until it contains as much organic 
matter as the sewage." 



London Experiments. 

Valuable as were these results, they still left the question 
in an all but impracticable form, as the quantity of sewage 
thus treated was so small. Doubtless this was due to the use 
of too fine filtering materials, and the high degree of purifica- 
tion arrived at. It therefore became necessary that precise 
data on a working scale should be obtained ; and, with this 
object, the Main Drainage Committee of the London County 
Council instituted a series of experiments at the Northern 
Outfall Sewage Precipitation Works with the most successful 
results. 

Before proceeding further it may be interesting to point 
out that the general results fully confirm the opinion 
expressed by myself in 1887, already quoted, as to the 
biological treatment of the sewage effluent ; the only 
departure from the suggestion then made being the fact 
that, instead of its being necessary to feed the sewage with 
any specially prepared organism, we now know that the 
sewage already contains the^e in alundanee, and that all 
that is required is to give them free scoi>e under favourable 
conditions to enable them to fully ext>rt their special function 
of breaking up the organic matters to any extent that maybe 
desired. Eeoent experience, however, has shown that by 
proper preliminary sowing with suitable bacteria, a filter 
may be much more speedily got into its beet working 
condition. 

The experiments made at the Main Drainage Works at 
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Barfting Creek may be conveniently divided into two main 
groups, viz. : — 

(1) Experiments with small flltere using variouB filtering 
materials. 

(2) Esperiments with a one-acro filter, using coke breeze 
only as material. 

The latter may again be sub-divided into — 

(a) Preliminary trials on velocity of passage, &c. 

{b) Experiments on biological linos. 

(c) Experiments with doubled means of filling. 

id) Esperiments with increased facilities for emptying. 

('■) Experiments on recuperative power. 

Series No. 1. 

The tanks for filters used in the first series of experiments 
■were built of wood, and were each equal in area to utto^^^ 
part of an acre. They were four in number, and were filled 
with pea ballast, eoke breeze, burnt elay, and a proprietary 
material (with gravel and sand) respectively. All four were 
worked at the same rates and during the same hours. During 
the first sis weeks sewage effluent was passed through at the 
rate of 500 gallons per square yard per day, whilst from the 
middle of July to the end of August the rate "was reduced to 
one-half, or 2.50 gallons per square yard in twenty- four hours. 
The filtration was intermittently eoutinuous, the fflters passing 
effluent constantly for eight houi-s daily and resting during 
the remaining sixteen hours, being allowed to run dry at the 
end of each day's work. The outlet valve was closed just 
sufficiently to keep the filters full, the efflueut being level 
with the surface of the filter material. 

The whole quantity of effluent passed through amounted 
to 185,000 gallons, in a total of 2,160 hours, of wliiob the 
filter worked 484 hours and rested empty 1,676 hours. The 
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average rate, therefore, inclusive of rest periods, was 411,000 
gallons per acre in twenty-four hours. 

Filter No. 1. Burnt Ballast. — The material for this filter 
was obtained by burning clay taken from the marsh land 
adjoining, and was placed in the tank to a depth of 4 ft. ^ 

The purification eflfected by this filter was less than that 
attained by any of the remainder. The clarification was also 
less than in the case of the pea ballast and proprietary filters, 
being exactly the same as effected by the coke breeze. This 
was undoubtedly owing to the extreme looseness and porosity 
of the materials. The filtrate was free from putrefactive 
odour, remaining sweet for many months in either stoppered 
or open bottles. 

Filter No. 2. Pea BaUast.— This filter was filled with 
Lowestoft shingle, of pea size. The clarification effected in 
the filtrate was 75 per cent, more than in the case of the 
burnt ballast. The purification was also greater, the reduc- 
tion of oxidisable organic matter amounting to 52'3 per 
cent. 

Filter No. 3. Coke Breeze.— This filter was filled with 
coke breeze to a depth of 4 ft., and 3 in. of gravel was 
placed on the top to prevent the coke from floating. As far 
as clarification is concerned, this filter ranked just even with 
the burnt ballast ; but the purification effected was higher 
than in the case of any of the other materials, the reduction 
of the oxidisable organic matter in solution amounting to 
62*2 per cent. No renewal of the material was required. 

Filter No. 4. Sand.— This filter, having an area of 
16 square yards, or -j^^^th of an acre, was filled with gravel, 
walnut size 5 in., bean size 2J in., pea size 1^ in., and sand 
10 in., taken in order from below upwards. It formed part 
of the compound proprietary filter. The rate at which 
effluent was passed through was one-half more per square 
yard than in the case of the other filters, the sand filtration 
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being a preliminary to and part of the treatment by the 
proprietary article, and the areas of the two portions being 
together equal to one of the remaininj^ filters, already 
described. 
' The clarification effected was much greater than in the 
ease of Nos. 1, 2, and 3, but the purification, measured bj' 
the reduction in the amount of oxidisable matter in solution, 
was considerably less than in the case of the coke breeze, 
somewhat lees than by the pea ballast, and practically the 
same aa by the burnt clay. On two occasions the filtrate 
became slightly putrid, tlie results thereby difiering from 
those obtained from any other filtering material emploj'ed. 
Doubtless this tendency to become putrid was to a great 
extent due to the deficient aeration of the interior of the 
filter, in consequence of the capillary attraction of the finer 
particles of sand holding the water, and thus choking the 
pores when the filter was emptied. This filter had to be 
repeatedly raked and cleared, whilst 2^ in. of sand were 
removed and replaced by new on the 11th of July. 

No. 5. Proprietary filter. — This filter contained an area 
of eight square yards, and was filled with 3 in. of gravel, 
walnut size; 2 in. gravel, lean size; 1| in. gravel, pea sine; 
1 in. sand, and 12 in. of the proprietary material; taken in 
order from below upwards. 

The efiluent which it received had already passed through 
filter No. -i (sand), and had thus been greatly clarified, 
whilst the dissolved impurity had been removed to the extent 
of 42 per cent, The rate of filtration was three times that of 
the other filters, so as to bring up the rate of the combined 
filter to an equality with the rest. The filter was supplied 
with perforated pipes leading to the surface for aiiration. 
In general appearance the filtrate from this corapoimd filter 
was slightly superior (o all tlie others, the clarification 
effected being a little more than in the case of the sand 
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formiDg the first portion. The purification effected by this 
process of double filtration amounted to 61*6 per cent., a 
figure practically the same as was obtained by the use of 
coke breeze. None of the filtrates showed any signs of 
putrescence when kept for lengthened periods in either open 
or closed bottles. 

Table 1. 



Description cf filter. 



Average oxy^n 

ab:»urbed m 

four hours. Qrains 

POT gallon. 


Average albuminoid 

ammonia. 
Grains per gallon. 


Crude 
effluent. 


FUtrate. 


Crude 
effluent. 


FOtrate. 



la 



•i-s 



g a> 

I 



o 



Burnt ballast . . . . 

Pea ballast 

Coke breeze . . . . 

Sand 

Proprietary filter 



1-881 


1-072 


0-243 


0-125 


1-881 


0-880 


0-257 


0-142 


1-881 


0-711 


0-262 


0-103 


1-725 


1-001 


0-250 


0-132 


1-881 


0721 


0-267 


0-106 



Per cent. 
43-3 

52-3 

62-2 

420 

61-6 



In Table 1 are given the results of numerous analyses 
made in each case during the months of June, July, and 
August, 1892. 

From the results obtained it appeared that a considerable 
amount of purification could be effected by any filtering 
material, the desiderata evidently being porosity and con- 
sequent power of re-absorbing atmospheric oxygen. For 
foul waters sand proved too fine, whilst the burnt ballast 
used was too coarse. Uoke breeze seemed to unite the 
necessary qualifications, and as it is also a cheap material, it 
was selected for the further trials on a large scale. There 
can be little doubt, however, that the question of cost of 
material should be allowed to decide what should be used 
for a filter in any given place, since burnt ballast or gravel 
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may be made nnich more effective by using a greater depth 
of more finely-granulated material, combined with a slower 
rate. 

In the ooar8e of the above experimenfe, numerous gelatin 
p!at9 cultivations were made to ascertain the effect of filtra- 
tion upon the number of micro-organisms present. The 
number in the tank effluent before filtration, and in the 
filtrates, were found to vary very couBiderably, those in the 
filtrate generally being present in larger numbers ; but it 
soon became apparent that the presence of comparatively fewer 
or more microbes afforded no indication of the degree of 
purification effected, the main point being that the presence 
of a largo number of organisms was evidence of the activity 
of the process of splitting up the organic compounds in the 
sewage matters passing through the filters. A considerable 
reduction or a practically complete removal of organisms 
might have been effected by the use of a finer-grained 
material and slower filtration, but the object held in view 
during the experiments was the attainment of the highest 
degree of speed consistent with such purification as would 
remove all objectionable characters such as odour, colour, and 
hability to putrefaction. 



Series No. 2. 

In the second series of experiments a filter was constructed 
covering one acre of land. The ground was levelled, and 
embanked where necessary, and perforated drains laid, 
meeting in a common trunk for discharge. The filtering 
material consiBttd of 3 ft. of pun breeze covered with 3 in. of 
gravel. 

(a) In the first part of the series under notice, the special 
object of the experiments was rather the ascertaining of the 
rate at which it was possible to pass efSuent thixiugh the 
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filter, and not the manner of producing the best results. The 
filter, however, speedily became clogged, and after the sixth 
week all the filtrates were putrid. The daily quantity that 
could be passed fell rapidly, until at the end of twelve weeks 
the filter was quite useless, being putrid throughout. 
Valuable information was thus gained, for it was shown 
that rest and aeration are vital, and also that, in order to 
obtain the best work from a filter, the quantity poured on it 
must increase very gradually, so as to permit of the proper 
biological condition being reached. The rate of working 
varied from close on one million to a quarter of a million 
gallons per diem. The filling was during several weeks 
continued until the water stood 6 in. above the surface ; when 
the filter was emptied this portion ran through without 
having time for purification, and this fact doubtless aided 
largely in reducing the efficiency of the filter during this set 
of experiments. 

The analytical results obtained during this period are 
given in Table 2. 



Table 2. 





Average oxygen 
abs'rbed 


Average albuminoid 


Average mtrogen 


on 
trbed. 




in four hotirH. 


ammonia. 


as nitrate. 


Average pui 
tion effected 
oxygen abflc 


DATE. 


Grains p< 


Br gallon. 


Grains per gallon. 


Grains pc 


ir gallon. 














Effluent. 


Filtrate. 


Effluent. 


FUtrate. 


Effluent. 


Filtrate. 


1893. 














Percent. 


28th Sept. to 6th Oct... 


3-631 


2-128 


— 


— 


0-000 


0-083 


41-0 


9th Oct. to 13th Oct. . . 


2-884 


0-509 


— 


— 


0-029 


0-215 


82-0 


16th Oct. to 20th Oct.. 


3-296 


0-502 


-^ 


— 


0029 


0-117 


850 


23rd Oct. to 30th Oct.. 


3-915 


1-447 


— 


— 


0103 


0021 


63-0 


30th Oct. to 6th Nov. . . 


4-420 


1-546 


— 


— 


0-000 


0-000 


65-0 


6th Nov. to 1 3th Nov.. 


4-404 


1-285 


0-394 


0110 


0-283 


0-203 


71-0 


13th Nov. to 20th Nov. 


4-122 


1-125 


0-368 


0-097 


0-299 


0-317 


730 


20th Nov. to 27th Nov. 


4-336 


1-203 


0-403 


0-091 


0-301 


0-241 


72-0 


27th Nov. to 4th Dec. . . 


4-832 


1135 


0-457 


0-119 


0-180 


175 


77-0 


4th Dec. to 8th Dec. . . 


4-745 


1-070 


0-435 


0109 


0077 


0-080 


77-0 


11th Dec. to 18th Dec. 


3-821 


0-979 


0-401 


092 


0-021 


0130 


76-0 


19th Dec. to 23rd Dec. 


4-877 


1.387 


0-393 


0-191 


0-000 


0-000 


71-6 
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(b) The first series of experiments on biological lines, 
conducted with the same filter as the preceding, was then 
commenced. The surface was raked, and the bed was allowed 
to rest during three and a-half months. For fully three 
months of that time a putrid odour was observable when the 
filter was disturbed, but this gradually disappeared, and 
during the last fortnight the coke breeze was perfectly sweet. 
From that time the filter was kept practically constantly at 
work for nearly a year, the only rest of any length being 
from the 17th November, 1894, to the 2nd of January, 1895, 
when alterations in the arrangements were made to admit of 
more rapid emptying. 

The process adopted was to begin with small quantities, 
the filter bemg merely filled and emptied twice daily, with a 
view to getting it into the necessary biological condition. 
This was commenced on the 2nd April, 1894, and continued 
for a few weeks, the purification effected gradually rising. 
The quantity of effluent passed was about 500,000 gallons 
per diem, and the purification between 70 and 80 per cent. 
The highest state of efficiency was reached on the 3rd 
May, or after a full month's working. The purification 
reached 83 per cent., and fish placed in the filtrate lived for 
many weeks. In fact, fish (minnows, &c.) came up the 
ditch by which the filter was emptied to the very mouth of 
the outlet. 

(o) Alterations were then made in the arrangements for 
filling, the feeding trough being doubled. The daily quan- 
tity was increased to over 600,000 gallons, the analytical 
results continuing to be highly satisfactory, as shown by the 
averages of the daily analyses from August 3rd to November 
9th, 1894. 

(d) Towards the end of 1894 the emptying arrangements 
were supplemented by a pump to prevent tide-locking, and 
later the resting time was shortened, imtil finally the filter 
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passed 1^ million gallons daily for six days, resting empty 
from 10 p.m. on Saturdays until 6 a.m. on Mondays. The 
method adopted was to fill the filter to just level with the 
surface, which occupied an average time of two hours, allow 
it to remain standing full for one hour, the emptying occu- 
pying an average of five hours, thus completing the cycle in 
eight hours. Working in this way, the filter passed an 
average of 1,000,000 gallons a day, including all times of 
rest, during a period of eight weeks, the filtrates being 
clean and sweet, and the purification effec!:ed 78 per cent. 
Nitrification proceeded satisfactorily, and the filter was 
apparently capable of continuing for an indefinite time. 

A point of the greatest importance is the fact that the 
filter was able to do its work satisfactorily during the excep- 
tionally severe weather in January and February, 1895. A 
thin coat of ice was formed on the surface, but the filtration 
proceeded without intermission, the only noticeable change 
being the decreased production of nitric acid. 

(e) After the filter had been successively dealing with 
1,000,000 gallons daily for about eight weeks, a large 
quantity of sludge, amounting to at least ten tons, was run 
upon it accidentally. This occurred during the week ending 
23rd February. The result was an immediate falling off in 
the quality of the filtrate ; a putrescent odour was observed, 
and finally the filter had to be thrown out of work. 
Remarkable evidence of the recuperative power of the coke 
breeze was, however, obtained, as after twenty days' rest it 
was quite sweet again, nothing objectionable being observed 
on digging down to a depth of about 2 ft. The coke had 
only the odour of ordinary earth when moist, and on being 
burnt gave no objectionable smell. On resuming work, 
twenty-eight days after resting, satisfactory results were 
again obtained. 
From this time until the end of September in the same 
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year the filter was kept ooutinuouslj at work (except during 
one week in Angust) on the same system, viz., alternate 
filling, resting full, and emptying, with twenty-four hours' 
entire rest each week. The results are shown in the following 
table ; the figures given are averages of daily analyses, each 
sample being a mixture of quarter-hour samples from each 
filling and emptying. 

In Table 3 are given the averages of the analyses of the 
samples of the efHuent and the filtrate from one-acre filter, 
composed of 3ft. of ooke breeze and 3in. of gravel. 

Tablk 3. 



DATE. 




inJourbou™. 
Qiams pf r gullon. 


BtomoDia. 
GrninB pcrffollon. 


Avfragf nitroeen 
Qreins per jalion. 


nil 




Effluent. 


FQtiate. 


Effl^nt, 


FilbBte. [Effluent. 


Kltmlo, 


ISM. 
Apr. 7 lo Juno 9 . . 
Ang. StoNoT. 9.. 


600,000 
600,000 


3-608 


0-856 
0-730 


0-116 
0-390 


D-oes 

0113 


0-1280 
00223 


0-2378 
OHM 


Perceut 
7B-3 
70-6 


1894. 1895. 
Nov. 16 to Max. 2 


1,000,000 


4-113 


0-935 


0-382 


0-lU 


0-39o6 ' 06990 


77-5 


1896. 
Apr. S to Apt. 20.. 


1.000,000 
1,000,000 


3-612 
3233 


0-asi 


0-300 


0102 


O'USI 0-7700 


76-i 
807 



The experimente, taken as a whole, show that sewage, 
especially if previously clarified by precipitation, may be 
purified to any desired degree, the actual amount of purifica- 
tion depending upon (1) the length of time during which 
the effluent is allowed to remain in contact with the filter, 
and (2) the length of time allowed for aeration. If a re- 
duction of 75 per cent, in the oxidisable organic matters in 
solution be considered us sufficient, the quantity that can be 
treated per diem on one acre of coke breeze under these con- 
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ditions is 1,000,000 gallons, which gives a required area for 
the treatment of the whole of the metropolitan sewage — 
taken at 180 million gallons — of 180 acres only. 

It will be noticed that while the above results show that so 
large a quantity as 1,000,000 gallons of sewage effiuent can 
be treated per acre per day, the Massachusetts experiments 
with raw sewage showed that only 60,000 gallons could be 
continuously treated, so that the effect of the suspended 
solids in the sewage would increase the area of land required 
for filter beds constructed in the same manner per 1,000,000 
gallons of sewage to 16'6 acres. This area was reduced by 
Lowcock, by means of his system of pumping air through 
the filter, to 3-8 acres per 1,000,000 gallons. 

SUTTON EXPERIMENTS. 

Experimenh tcith Sewage collected on the " Separate Systein,^^ 

excluding RainfalL 

By the courtesy of the Sutton (Surrey) Urban District 
Council, I am enabled to append the following statement of 
results obtained by similar treatment of the sewage as carried 
out at the sewage works of that Council. The trials in ques- 
tion were made during the period of office of the late Sutton 
Local Board, of which authority I was at that time a 
member, and therefore am able to speak of the results from 
personal experience. The works were under the direction of 
Mr. A. D. Qreatorex, Assoc. M.I.C.E., Surveyor to the 
Board. 

The filters employed are seven in number, as follows : — 

Square feet each. 

Two proprietary, 35 ft, by 20 ft area 700 

Two coke breeze „ ,, ,, 700 

Twosand „ „ , 700 

4200 

One burnt ballast { {20 f t' } ^^ ^* ^* " **^* 

Total area 86a4 
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The filters are constructed as follows : — 

Proprietary. 

Top, 6^ in., medium sand. 

3 in., pea gravel. 

10| in., proprietary article mixed with sand. 
5 in., extra coarse sand. 
4in., peagravd. 
Bottom, 5 in., coarse shingle round the pipes. 

Coke Breeze, 

Top, 8 in., medium sand. 
12 in., coke hreeze. 
5 in., extra coarse sand. 

4 in., pea gravel. 
Bottom, 5 in., coarse shingle. 

Sand, 

Top, 8 in., medium sand. 
12 in., medium sand. 

5 in., extra coarse sand. 
4 in., pea gravel. 

Bott<om, 5 in., coarse shingle. 

Burnt Ballast. 

Top, 4 in., soil (afterwards removed). 

6 in., fine ashes. 
Bottom, 18 in., burnt ballast. 

120,000 gallons of effluent water are passed through the 
filters per day, working nine hours. The six small filters 
are worked one day and the large the next day, thus allowing 
alternate days of rest ; the six filters have been at work nearly 
two years and the large one three months, with the exception 
of the bad days in winter. 

The percentage purification of the oxidisable organic 
matters effected is shown in the following table, which is 
prepared from analyses made by Dr. Jacob, Medical Officer 
of Health for the Sutton District : — 



Date 1894. 



May 2nd 

July 13th 

July 13th 

July 13th 

October 16th 

October 16th 

November 24th 

November 24th 

Average 



Proprietary 
filter. 



36-4 
51-5 



610 
54-0 
53-3 
44-2 



60-1 



Coke breeze 
filter. 



47-6 
410 
50-0 
53-0 
51 
480 
14-9 
26-5 



41-5 



Sand filter. 



31-0 
32-2 



300 
24-0 
500 
51-6 



36-5 
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On the 24th April, 1895, Mr. Greatorex kindly collected 
for me a series of samples of crude sewage, precipitation 
effluent, and filtrates, the samples being averages of ten 
hours' working. These were analysed, and yielded the 
results given in Table 4. 

Table 4. 



aith April, 1895. 




Oxygen absorbed . . . . 

Purification, per 
cent, on unfiltered 
effluent 



8-98 



•3 
M 
9 



III 



13 



a 



4-29 



2-92 



u 

&B 



2-54 



130 



Sand filter. 



Proprietary 
mter. 



No. 1. 



No. 2. • No. 1. 



113 



1-08 1-22 



61*30 6300 

» 

621 



No. 2. 



Cokebreeie 
filter. 



I 
i 

No. 1. No. 2. 



0-85 0-85 0-66 



68-30 7000 
6^6 



70*90 , 77*40 

'^ ^ ' 

74*1 



From the first table of the results obtained at Sutton, it 
would appear that the proprietary filter gave the best results ; 
but this was caused by the lower rate at which this filter 
worked, as, in many instances, in consequence of the finer 
grain of material and frequent choking, the quantity passing 
through the bed was far less than that passed by the re- 
maining filters. In the case of the experiments conducted 
at Barking Creek, the rates of flow were maintained at equal 
speed. In the second table of Sutton results, however, the 
coke breeze filter excelled all the others, the proprietary and 
sand filters being very close together. 

From the above results it appeared that the burnt ballast 
filter had been overworked, and required a short period of 
rest, as a former result was exceedingly satisfactory. 

In his report of the 18th July, 1894, Dr. Jacob stated 
that the eflluents from the various filters were quite fit to 
be discharged into the brook without further treatment. 
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At the present time the coke breeze filter i 
Batisfactorily, and still remains the test. 



working 



The action of a filter is two-fold. (1) It 
mechanically all gross particles of suspended mutter, and 
renders the effluent clear and bright. (2) It effects the oxi- 
dation of organic matters, both those in suspension and those 
in solution, through the agency of living organisms. It is the 
establishment and cultivation of these organisms which is to 
he aimed at in the scientific process of purification hy filtration. 

Three conditions are essential. First, the organisms must 
be supplied with plenty of air; seeondly, there must be 
present a base, such as lime, with which the nitric acid can 
oomhine; and, thirdly, the biological action must take place 
in the dark, i.e., in the body of the filter and not in the 
water exposed to the light above the filtering material. 
Filtration on biological lines of sewage or other foul water 
containing in solution but httle free osygon and a large 
quantity of oxidisable organic matter, therefore, means : — 

(1) That the filter, by cautious increments in the quantity 
of effluent, which in itself contains the necessary organisms, 
must he gradually brought to a state of high efficiency. 
This condition will be shown hy the existence in the filtrate 
of a constantly increasing proportion of nitric ooid. 

(3) That the contact of the micro-organisms with tho 
effluent to be purified must be effected by leaving such 
effluent to rest in the filter for a greater or less time, 
ocoording to the degree of purification requireJ, the process 
being analogous to that of fermentation. 

(3} That after each quantity of offtueut has been dealt 
with the micro-organisms must be supplied with air, which 
is readily effected hy emptying the filter from below, 
whereby air is drawn into the interstices. The filter must 
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stand empty for an hour or more previous to another filling, 
and a longer period of aeration, say twenty-four hours, must 
be allowed every seven or eight days. 

The life of a coke breeze filter worked in this way is 
practically without limit. 

From the general results obtained by these several trials 
under various actual working conditions, it is apparent that 
there is no difficulty in obtaining any desired degree of 
purification by means of a system of filtration conducted 
on biological principles. If a higher degree of purity be 
required than that indicated by the foregoing, it can be 
obtained by an augmentation of the filtering appliances at a 
comparatively small cost, as, where clay is obtainable, the 
method of construction employed in making the new burnt 
ballast filter bed at Sutton may be adopted, viz., by simply 
digging out the clay to form a pit about 3 ft. deep, and 
filling it up with the same clay after burning, and thus a 
cheap and efficient filter bed is obtained, the cost of the large 
filter bed at Sutton, having an area of 4,454 square feet, or 
rather more than one-tenth of an acre, being less than 100/., 
including all charges. 

By such a system the necessity for costly farms is entirely 
obviated. The results are completely under control, and the 
filters can bo arranged to suit all requirements it is possible 
to contemplate. 

The following is a summarisai statement of the work 
aceompUshed by the one-acre coke breeze filler at the Xorthem 
Outfall, between September, 1803, and November, 1896, 
during which period it had filtered oOO million gallons of 
eflluent. Since the effluent, which is j^assed on to the filter, 
contains, on an average, seven grains of suspended matter 
per gallon, a quantity equal to 5,33*3 tons of sludge^ of 
90 per cent, moisture, has been entirely removeil, the filtrate 
containing practically no suspended matter. Of the matter 
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thus removed about 110 tons were organic, the whole of 
which has been oxidised ; whilst the sand amounted to about 
40 tons, which, calculated at 24 cwts. per cubic yard, would 
cover the filter to a depth of 0*267 in. if spread equally over 
its surface. Such sand has, however, been carried into the 
body of the coke, a^d at present there is no appearance of 
any danger of choking arising from this cause. The organic 
matters in solution in the crude effluent absorb, on an 
average, 3*5 grains per gallon of oxygen from permanganate 
in four hours, while the filtrate absorbs only 0*7 grain. The 
amount of oxidation effected, measured in this way, would 
require 90 tons of oxygen, or, in other words, is equal to the 
eflEect which could be obtained by the use of about 2,000 tons 
of good commercial manganate of soda. The organic matter 
in solution that has been completely removed, as determined 
by the difference between the loss on ignition of the solids 
in the crude effluent and the filtrate respectively, amounts to 
250 tons; making, with the 110 tons of suspended organic 
matter, a total of 360 tons. The organic matter that remains 
in the filtrate is in such a condition that no signs of after- 
putrefaction are exhibited, however long the filtrate may be 
kept, either undiluted or diluted, in open or closed bottles. 
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CHAPTEE V. 

nature's method at work — ^NEW DEPARTURE AT 

SUTTON, SURREY. 

In view of the results detailed in the previous Chapter, I 
concluded that under proper conditions there was no reason 
why the whole of the suspended matters in the sewage should 
not be amenable to similar treatment, and therefore ventured 
to recommend my Sutton friends to try the experiment by 
filling a tank with coarse burnt ballast and running the crude 
sewage upon it. This suggestion was taken up, and on 
November 2l8t, 1896, the " bacteria tank" was filled for the 
first time, since when it has been kept constantly at work. 
The results of the first two and a half months' work were 
embodied in the following report made by me to the Sewage 
Disposal Committee of the Sutton Urban District Council on 
February 11th, 1897 :— 

" As the experimental bacteria tank which I suggested in 
October last has now been at work for nearly three months, 
it will be of interest to your Committee to have the results 
before them for their guidance, and I therefore submit the 
following remarks on the present position. 

" By the courtesy of your surveyor, Mr. Chambers Smith, 
C.E., under whose superintendence the tank was constructed, 
I am able to combine the details of the quantity of the 
sewage treated, &c., with the chemical results of that treat- 
ment. 

** The tank, charged with burnt ballast, was prepared for 
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the reception of the sewage hy inoculating it with bacteria ; 
my former experiments having shown that such preliminary 
treatment contributed materially to better work. 

" The tank was first filled on the 21st November with the raw 
sewage (untreated with chemicals), which had been strained 
through a screen to intercept the grosser particles. 

" The total quantity of sewage treated during the period 
of seventy-six (76) days was 2,216,000 gallons, equal to an 
average of 29,165 gallons per day, or 773,000 gallons per 
acre per day, rest period included. 

" The results obtained have been of the most satisfactory 
character. The quantity of oxygen required to oxidise the 
organic matter in solution on the raw sewage was, on an 
average, 5*40 grains per gallon, which was reduced by the 
bacteria tank to 1*83 grains, or a reduction of 66 per cent. 
The further treatment of this effluent by the coke-breeze and 
other filter beds reduced this required oxygen to 0*72 grain 
per gallon, or a total reduction of the oxidisable matter by 
86*5 per cent. 

" In like manner the solid matters held in suspension in 
the sewage were reduced by the bacteria tank by 95 per cent., 
and by the combined system by 99*6 per cent. 

" With the exception of the few days when the filter was 
overworked, the sewage odour was completely removed, there 
being in the effluents only an earthy odour similar to that of 
fresh-turned garden soil. 

"It appears from these results that a bacteria tank or 
tanks of an area of half-an-acre will be sufficient for the 
complete disposal of the sludge by this system, without any 
expense for labour other than that necessary for turning on 
the valves and raking over or digging with a fork the surface 
of the ballast from time to time as may be required to break 
up the surface coating of fibrous matter. Up to the present 
lime this has been found to be necessary on only two 

D. F 
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oooasions, the second being at my visit to the works on the 
6th instant. 

" It may be remarked that the quantity of suspended solid 
matters in the sewage which has been disposed of by the 
bacteria during the seventy-six days they have been at work 
is equal to 77 tons of sludge, as the average sewage contained 
54*5 grains of suspended matter per gallon. The fact that 
this quantity has disappeared without cost or nuisance is 
striking evidence of the capabilities of the process. 

" It will be interesting to note the financial results of the 
adoption of this system for the treatment of the whole of the 
sewage at Sutton, estimated at about 400,000 gallons per day. 
I understand that at present the cost of chemical treatment, 
labour, sludge-pressing, farm, &c., is about 1,200/. per 
annum, or over 4d. on the rates. As practically the whole 
of this would be saved, this amount represents a capital 
sum, at 3J per cent., of 34,000/., or more than half the total 
cost of the sewerage system of the town. 

" I need hardly say that I feel peculiar pleasure in having 
been able to point out to the District Council a means by 
which such a desirable result can be attained, at a capital 
cost which may be met by the first half-year's economy 
effected in the mere working expenses, and thus to present 
to the community at large, in the year of Her Majesty's 
Jubilee, the solution of a problem the monetary value of 
which may be reckoned in England alone, on the assumption 
that one half of the sewage of the country is thus treated, at 
not less than 60,000,000/. sterling. 

" As soon as the new and larger bed in course of construc- 
tion is at work, and the remainder of the precipitating tanks 
are filled with ballast so as to turn them into bacteria tanks, 
their united capacity will probably be sufficient for the whole 
of the flow from the high-level sewer; and it will only 
remain to construct similar beds for the low-level sewer, when 
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the whole oost of pumping will be avoided and the alteration 
in the system complete. 

"The iraportanee of thia method in the ease of new 
sewage works is evident, as the whole of the elaborate 
machinery for chemical treatment, sludgo pressing, farming 
operations, &c., will be avoided ; and where snch farms 
exist, as in the case of Sutton, these may be utilised for 
the purpose of a recreation ground, and so settle a question 
of no little importance; as, by the utilisation of the life 
processes of bacteria, the effluent from the double set of 
beds is more fitted for discharge into the brook than if it 
were allowed to run over the land, which may then be used 
for other purposes. 

" Of course, the objection will doubtless be raised that the 
experiment has had only some three months' trial during the 
winter season. This fact is perhaps one of the moat hopeful 
in oonaection with the experiment. When the temperature 
is higher the bacteria will be more active, and the work 
proceed at a greater rate." 

Up to the present the " bacteria tank " eontiunes to work 
with undiminished success. 

Thus encouraged, the District Council gave orders for a 
second precipitating tank to be turned into a similar bacteria 
bed for treating crude sewage, and it is in contemplation to 
gradually extend the system to the whole of the daily flow 
of some 400,000 gallons per day. 

The following is a short r^sum^ of the results of the 
working of this bed during the Brst seven months : — 

The analytical results are as follows, but it must not be 
overlooked that these are but the final results of the degree 
of purification, and to them must be added the substantial 
fact that all iinvcrtalnlij of work is obviated, chemicals 
unknown, and sludgo-prosaes and their expensive working. 
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SAMPLES OF SEWAGE, EFELXTEirTS AHS 

Quantities stated in Grains per Gallon {except Residue 





Cbuob Sbwaob. 


Efflubnt 


Date. 


Chlo- 
rine. 


Oxynren 

Ab- 
sorbed 

in 

Four 

Hours. 


Nitro- 
gen as 
Ni- 
trites. 


Nitro- 
arenas 

Ni- 
trates. 


Free 
Ammo- 
nia. 


Albu- 
minoid 
.Amrno- 
! nia. 


Sufl- 
penied 
Hatter. 


Residue 

on 
Micro 
Filter 

per 
Litre. 


Chlo- 
rine. 


Oxygen 

Ab- 
sorbed 
in 

Four 
Hours. 


Nitro- 
gen as 

Ni- 
trites. 


1896 
























November 21 


• • 


3-291 






• • • • 

1 


• • 


1 

.. 1 


• • 


2-531 


t • 


„ 30 


• • 


6-200 






• • 


• • 


• • 


1 

• • 


• • 


1-060 


• • 


December 8 


e • 


4-760 






• • 


• • 


• • 


• • 


• • 


2-340 


• • 


„ 21 


• • 


7-677 






1 

1 
• • • • 

1 


• • 


2,400 


• t 


1-226 


• • 


1897 






















January . . 4 


• • 


2-380 






• • • • 


• • 


1,800 


• • 


1-496 


t • 


„ 12 


• • 


5-678 






1 


• • 


3,000 


• • 


1-904 


• • 


„ 18 


• • 


7-711 






1 


• • 


2,700 


• • 


2-372 


• • 


February 1 


• • 


6-590 






• • • * 


• • 


4,500 


• • 


1-720 


• • 


8 


6-96 


6-640 


0-165 


0-002 


2-810 


0-330 


108-80 


2,700 


6-95 


1-824 


0-630 


„ 15 


6-30 


1-911 


0-022 


000 


2-700 


0-268 


15-06 


1,400 


6-30 


0-688 


0-159 


„ 22 


6-40 


3-815 


0-000 


0-000 


3-906 


0-245 


29 90 


1,900 


6-20 


1-381 


0-084 


March . . 1 


8 05 


4-248 


0021 


0000 


7-770 


602 


28-14 


1,900 


8-06 


2-222 


0-021 


8 


600 


2-993 


0015 


0-000 


4-197 


0-680 


13-68 


800 


5-40 


1-146 


0-061 


15 


11-10 


4-941 


0000 


0-000 


13-600 


1-260 


29-62 


1,800 


5-60 


1-860 


0-D98 


22 


8-40 


4-727 


0-000 


0-000 


11-464 


1-700 


22-73 


3,400 


8-40 


3-000 


0-420 


29 


2310 


8312 


Trace 


Lost 


51-700 


1-300 


• • 


3,400 ' 


1 


( 


Lost- 


April . . 5 


700 


3-209 


0-000 


0-000 


4-860 


1-330 


20-72 


2,200 


0-30 


0-679 


0-196 


20 


9-00 


2-495 


0000 


0-000 


6-210 


0-750 


25-55 


3,000 1 


7-70 


0-720 


0-308 


26 


8-20 


3-628 


0-000 


0-000 


4-700 


0-600 


241-10 


10,000 


6-80 


0-967 


0-072 


May . . 3 


8-00 


3-480 


0000 


0-000 


5-250 


0-570 


51 85 1,800 


7-50 


1-044 


0-113 


10 


10-00 


4-587 


0-010 


0-000 


5-663 


0994 


5616 


3,100 


7-30 


1-284 


0-051 


17 


9-20 


2 999 


0-000 


0-000 


3-264 


0-590 


54-25 


2,600 


8-50 


2-7.>7 


0-000 


24 


8-20 


4-425 


0-000 


0000 

1 


3-600 


0-670 


139-98 


5,600 


8-20 


2-743 


0103 
0-166 


Averages. . 


8-99 


4-543 


0015 


1 

0-000 8-774 0-792 

1 


6003 


3,000 


6-91 


1-674 



FILTRATES 7B0M SUTTON SEWAGE WOBKS. 

on Alter o Filier, which is stated in Millimetres per Litre). 
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FBOK BaCTXBIA TaMK. 




FiLTBATK FBOM CoKB-BbEKZE FiLTEB. 




■ 


Nl<TO- 

graas 

Ni- 
trates. 


Free 
Ammo- 
nia. 


Albu- 
minoid 
Ammo- 
nia. 


Sui«- 
pended 
Matter. 


Besidue 

on 
Micro 
Filter, 

per 
Litre. 


Chl«)- 
rine. 


Oxygen 

Ab- 
sorbed 

in 

Four 

Hours. 


Nitro- 
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and the subsequent disposal of the sludge cake are absolutely 
annihilated. 

From the average results of these analyses, it is seen that 
the matters in suspension in the crude sewage were reduced 
in the filtrate from the bacteria tank to 2*78 grains per 
gallon, and were still further reduced to 0*725 grain per 
gallon in the final filtrate from the coke-breeze filter. 

The reduction of the oxidisable matters in solution was 
from 4'543 to 1*674, and then to 0*644 grains per gallon, 
thus showing an average reduction equal to 63;16 per cent, 
by the bacteria tank, and a total reduction equal to 85*83 
per cent, by the combined beds. 

The reduction of the nitrogenous organic matters, as 
indicated by the albuminoid ammonia, was in like manner 
58*45 per cent, by the bacteria tank, and 78*54 per cent, by 
the combined system. 

The final filtrates were free from all objectionable odour, 
and remained perfectly sweet on keeping in either open or 
closed vessels. 

The table of analyses discloses some very instructive 
features in regard to the degree of nitrification when the 
filters were being overtaxed, some of them having been 
purposely worked up to a rate of nearly three millions of 
gallons per acre per day, with the result that the bacterial 
action was evidently cheeked by the decrease in the produc- 
tion of nitrates, and an increase in the normal quantity of 
organic constituents in the effluent. As the result of careful 
watching, however, no permanent harm was done, as the 
filters were immediately restored to their usual condition, 
when they proceeded to give good results. 

Many suggestions have been made both in England and 
America to effect the purification of sewage on a working 
scale, and in sufficient quantity, by aiding the oxidising 
bacteria by blowing streams of air through the filter bed. 
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The effect of this is to save on one hand, and to expend on 
the other. In the case of the Sutton works no air enters the 
filter other than that caused hy the natural process foUowiDg 
the drawing off of the water, when of necessity the pores of 
the hallast must be re-charged with a supply of the revivifying 
oxygen. 

Another collateral advantage of the extension of the 
system will be that the sewage brought to the lower part of 
the works by the low-level sewer can be treated direct on leds 
provided at that level, and thus the expense of pumping the 
sewage up to the high-level tanks will be obviated. 

It will doubtless not be a very diflBcult task to arrange for 
the filling and emptying of the beds at periodical intervals 
by automatic changing gear, as also the cleariug of the 
screens. At Exeter, as will be seen later on by the kindness 
of Mr. Donald Cameron, the City Surveyor, such a scheme 
is in operation in connection with the septic tank process. 

The combination of mechanical skill with the bacterio- 
logical and chemical sciences is thus rapidly working towards 
an advance in the progress of sanitation quite' in keeping 
with the signs of the times. It is not wise to be too sanguine, 
but the outlook is such that it may well be hoped that in a 
few years all the old ideas of precipitation, farming, &c., will 
be as completely swept away as the extinct Dodo, and sewage 
works will have nothing more offensive or objectionable in 
character about them than has a market garden. 
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CHAPTEE VI. 

THE EXETER ^^ SEPTIC TANK " SYSTEM. 

It will be remembered that in the last chapter I mentioned 
that the septic tank system, introduced by Mr. Cameron, at 
Exeter, would be referred to later on. After careful in- 
vestigation of this process, I am enabled to place before my 
readers the following observations upon it. 

During the months of April and June last the process was 
under direct inspection, with the following results. * 

The engineering features of the system are simplicity 
itself. In the first place, the sewage, without any pre- 
liminary treatment, such as screening, &c., flows direct into 
a covered tank, having a capacity equal to about eighteen 
hours' flow of the sewage. Through this it passes slowly, 
depositing the heavy matters carried in suspension, leaving 
only the lighter ones to pass onward with the water by 
an outflow to the coke-breeze filter beds, which are con- 
structed on the same plan as those in use at the Barking 
and Sutton Works, and which have been already fully 
described. 

One of the chief features of the plan is that the discharge 
of the tank effluents to the coke-breeze filters is arranged to 
work automatically by nn ingenious system of syphons and 
overflows into buckets, which fall, when full, and in so doing 
re-set a series of penstocks, uvhich stop the flow to the full 
filter, turn it on to another standing empty ready for work, 
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and empty a third, which has been resting full. Thus, the 
work is carried on day and night without any attention 
whatever. 

The preliminary examination and collection of samples 
extended over two periods of a week each. On Friday, the 
2nd April, the plant was inspected and various samples taken 
for examination as to appearance and odour. On the 3rd 
April another inspection was made. During the following 
week, from the 5th to the 10th April inclusive, samples were 
taken every fifteen minutes from the crude sewage and the 
tank effluent in quantities proportional to the flow at the 
time ; samples were collected from each filter discharge one 
minute, three, six, twelve, and twenty minutes after the 
commencement of the fiow; and from these average samples 
were prepared, representing the crude sewage with the tank 
effluent and filtrate derived from it, during four periods of 
twenty-four hours each. These samples were subjected to 
a preliminary analysis, with the results set forth in the 
accompanying tables. 

The weather during this period was very wet and unsettled, 
and a considerable quantity of land water was entering the 
sewer. The measurements taken at the V-notch at the 
outlet of the septic tank showed the daily quantity of sewage 
treated to be about 70,000 gallons. 

A careful series of tests was made with a view to ascer- 
taining whether the biological action within the tank caused 
any alteration of temperature ; this, however, did not occur, 
the average temperature of the outgoing tank effluent being 
the same as that of the incoming sewage. The average 
temperature of the filtrate, however, 48 deg. Fah., was 0*7 
deg. Fahr. higher than that of the crude sewage or tank 
effluent. 

A microscopical examination was made of a sample of the 
leathery scimi from the surface of the sewage in the septic 
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tank. It oonsisted of granular debris with yarions organic 
remnants, such as the larva of an insect, spiral vessels, 
vegetable hairs, decaying entozoa, worms (AnguillulsB), 
decaying confervse and muscular fibre, the whole matted 
together into a gelatinous mass and swarming with bacteria 
of various kinds. 

During the second period of sampling, the land water was 
excluded, and the weather was far more favourable, both by 
absence of rain and by the temperature being better adapted 
to the wants of the microbes in the filters. The following 
table, for which I am indebted to Mr. Martin, assistant 
surveyor to the Exeter Corporation, shows the rainfall during 
the month of June, the sampling having extended from the 
15th to the 23rd. 



June Ist 0-09 

2nd 000 

3rd 0-00 

4th 0-00 

6th 0-00 

6th 000 

7th 000 

8th 1-34 

9th 007 

10th 0-00 

nth 0-00 

12th 0-00 

13th 000 

14th 000 

16th 001 



June 16th 000 

„ 17th 0-09 

„ 18th 02 

,, 19th 0-30 

„ 20th 000 

„ 2l8t 0-00 

„ 22nd 000 

„ 23rd 0-00 

,, 24th 0-00 

„ 25th 00 

,, 26th 0-39 

„ 27th 003 

„ 28th 0-30 

„ 29th 0-00 

„ 30th 000 



The daily flow of sewage from the 16th to the 22nd, on 
the same authority, was as f oUows : — 

6.46 p.m., June 16, to 6.45 p.m., June 17 49,392 gallons. 

17 „ „ 18 61,690 

18 „ „ 19 68,220 

19 „ ,.20 69,514 






20 
21 



»» 









21 47,168 

22 44,731 



Average daily flow 55,117 






The Ezeter *' Septic Tank" System. 



Dmimg this period eight samples of crude sevrag9, nine 
samples of taut effluent, and fifteen samples of filtrate were 
collected, many of them being average samples, prepared by 
mixing quantities proportional to the flow, taken during each 
hour of the day and night, or, in the case of the filters, from 
each discharge. These samples were duly analysed, with the 
results set out in the annexed tables. It will he observed 
that no estimation of nitrites and nitrates was made in the 
crude sewage or tank effluent samples, such examination 
being superfluous. In the filti'ates, on the other hand, the 
suspended matter waB not determined, being so small as to be 
negligible. 

The general results of the examination are eminently 
satisfactory. By the biological action in the septio tank 
itself, the organic matter in the sewage was so changed that 
the amount of oxidisable organic matter in solution was re- 
duced by 30-8 per cent., the free ammonia by 36-9 per cent., 
and the albuminoid ammonia by 17"f) per cent , and the 
suspended solids by 55 per cent. The condition of the 
organic matter remaining was also changed, rendering it 
more easily broken up. The result of the work done by Ihe 
united processes of septic tank and coke breeze Altera was an 
average diminution of dissolved oxidiEable organic matter 
equal to 809 per cent., of free ammonia 54-9 per cent., and 
of albuminoid ammonia 63*2 per cent., and, practically, the 
whole of the suspended matter was removed. Nitrous and 
nitric acids were also formed, the consistent manner of their 
production showing the satisfactory conditions of work 
obtaining. 

The filtrates were all fairly bright and clear, and fit to be 
at once discharged into a river or stream, even of relativfly 
very small volume ; and none of them showed any signs of 
putrefaction or offensive secondary decomposition on keeping. 

It is to be noted that on both occasions of the inspection of 



76 



The Exeter " SepHc Tank" System. 



the works, although there wae a considerable evolution of gas, 
no trace of sulphuretted hydrogen was detected, there being 
practically an entire absence of odour from the gas aa it 
issued from the bnmer placed on the top of the septic tank. 
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I made a careful eeries of measurements to ascertain the 
depth of deposit at the bottom of the tank, which had not 
been emptied, or in any way cleared out, since it was started 
on the 15th August last, exactly six months previous to the 
date of inspection. The result was to show that the line of 
demarcation between sludge and water was about 15 in. Irom 
the bottom of the tank. At the first or grit-intercepting 
chamber, which forms part of the feptic tank, there was 
about 2 ft. of grit in one corner but very Utile elsewhere, so 
that it is evident that the efficiency of the tank in this re- 
spect had not been in any way impaired by the ten months' 
work. It is evident, moreover, that when the deposit becomes 
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so deep as to interfere with the flow, its removal will be a 
matter of mere detail, and in no way constitutes a valid 
objection to the system. 

From the analyses of the crude sewage, it will be seen that 
the average quantity of suspended matters present was 24*5 
grains per gallon. As the tank effluent contained an average 
of 10*8 grains, 13*7 grains per gallon must have remained 
in the septic tank. As the average daily quantity of sewage 
during the ten months was (Mr. Martin) 57,000 gallons, the 
total quantity of suspended solids arrested in the tank will 
have been equal to 150*7 tons of sludge of 90 per cent, 
moisture. 

As the tank effluent contained 10*8 grains per gallon and 
the coke breeze filtrate practically no suspended matter, it is 
evident that at least ten grains must have been arrested or 
rendered soluble by the bacterial action in the filters, 
thus accounting for 110 tons of sludge during the ten 
months. 

Summarising the general results of this examination, it is 
clearly demonstrated that equally with the Sutton system, 
this process is well adapted from the chemical and biologicnl 
point of view for the efficient treatment of crude sewage 
without the aid of chemicals, sludge presses, &c., and that by 
the combined system of tank and filter, a resulting final 
effluent is obtained from the Exeter (St. Leonards' District) 
sewage of a most satisfactory character, having full regard to 
modern requirements. 

It yet remains to be seen how the process is adapted for 
the treatment of sewage from manufacturing districts, but 
having regard to one's general experience, I see no reason 
why it should not be applicable in a large number of cases. 
It will be understood that in this, as in other cases, I am not 
concerned with the purely engineering features of the prin- 
ciple, and have therefore strictly confined my observations to 
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the biological and ohemioal aspects of the case. It may be 
remarked, however, that the mechanical automatic changing 
gear was working well and easily during the periods of the 
inspections referred to, and I was much pleased with the 
simplicity and ingenuity of the method, which is well 
calculated to overcome an important point in connection with 
most systems of sewage treatment, viz, the reliance upon 
unskilled labour under all conditions of weather and 
seasons. 
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CHAPTER VII. 

ANALYTICAL METHODS SUITABLE FOR WATCHING THE 
PROGRESS OF THE PURIFICATION OF SEWAGE. 

When a process of sewage treatment has been adopted 
it is necessary to watch the operation very carefully, in 
order to ascertain from time to time whether the work is 
being effectually carried on. The usual tests by eyesight 
and smell are of course the first to suggest themselves, and, 
so far as they go, are undoubtedly of great importance. 
These, nevertheless, however useful as guides for any 
particular individual, do not admit of accurate registration 
in such a manner as to enable a second or third person to 
make comparison with similar tests instituted by him, and, 
therefore, some means are required by which this can be 
done; hence the first necessity for analysis, which in this 
sense may be looked upon as a process by which quality can 
be recognised at a subsequent date by the inspection of 
written records. In the second instance, analysis goes much 
beyond this elementary use, as it enables us to ascertain the 
quantity of invisible, and, for the time, inodorous impuri- 
ties, but which will subsequently, under certain conditions, 
develop offensive qualities. By chemical analysis we thus 
measure the invisible, and are able to gauge the capacity 
of the future in respect to the ultimate condition of our 
effluent. 

It is therefore clear that the useful and necessary guides 
of appearance and smell are insufficient to indicate when 
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matters are in a critical state and the process is in danger of 
breaking down. Under present working conditions there 
may frequently come a time when a filter will require rest, 
and if this is not given at the proper moment the bed will 
eventually have to be put out of action for a still longer 
period than would have been necessary if it had been given 
a shorter rest for a few days before it became overworked. 
How, then, can we ascertain the degree of purification which 
is being effected, and, consequently, the arrival of the critical 
point when rest becomes necessary ? This can only be done 
by methods of chemical analysis, which, however, need not 
be of a very extensive character. If the following directions 
be carefully attended to the student will have no difficulty 
in speedily obtaining the requisite skill to enable him to 
follow the progress of the operations with the certainty and 
precision born of knowledge. 

In this connection one cannot refrain from remarking 
upon the blindness of Local Authorities in the past, and to 
an almost equal extent at the present time, in failing to 
avail themselves of the means here suggested. Numbers 
of Authorities have spent large sums of money upon all but 
useless analyses by chemists, who have looked at the works 
once or twice and then reported that a particular sample 
taken at perhaps a particularly favourable or unfavourable 
moment contained so and so. Such a system of inspection 
is, in many cases, worse than worthless, as it cannot possibly 
record the ever-varying changes which occur with so complex 
an organic mixture as sewage and sewage water, which varies 
from hour to hour. What is wanted on each works is a 
practical man trained in analytical chemistry, whose duty 
should be— under skilled supervision — to superintend the 
collection of samples, to submit them to analysis, to give 
instructions to the works foreman as to varying the details 
of the daily routine of manipulation, &c. It should also be 
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his duty to carry out such experimental operations aa he may 
l>e atle to suggest from a study of the esperienees of others 
as well as those of himself; and thus, hy the mutual co- 
nperatioQ of one with another, there would grow up such an 
accumulated stock of ripe knowledge concerning the whole 
system of sewage purification and of collateral suhjects that 
the advance would be great and speedy, to the benefit, both 
sanitarily and pecuniarily, of the ratepayers. 

The expense of such a system would be but trifling 
compared with the many thousands of pounds sterling 
spent upon unnecessary works erected in consequence of 
our want of that very knowledge whioh sucli a staff of men 
would supply. 

Local Authorities need not be frightened at the expense 
of carrying out such a suggestion. The practice hitherto 
prevailing of appointing a foreman to turn on the valves 
and to drive an engine, and to report any uncanny outlook 
to the Town Surveyor — who will, when worried out of his 
wits by cantankerous councillors, probably consider him a 
nuisance for his pains— will become a thing of the past, and 
must necessarily do so, if the most economical and perfect 
method of treating sewage is to be successfully carried out 
in the future. If (he work is to be trusted to men ignorant 
of the first principles of the duty entnisted to them, failure 
will be directly invited; and no one will be to blame except 
those in. authority who thus dehbeiately throw away the 
teachings of science. Eememher, reader, scii'iire is only another 
name for «i/sttma(ic Inoickdjc ; the present-day cant use of 
tlie word is misleading many, who are loudest in exclaiming 
againfct that which they will not or cannot understand. 

Hitherto the one great difficulty in the way of sueeesa is 
the persistence of authorities in placing in charge of what, 
after all, is a deheate chemical and hiological process, men 
who, however intelligent, willing and honest they may he. 
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have not had the trainmg required for that systematic super- 
vision so essential in all operations conducted upon scientific 
principles. Instead of appointing to the charge of a sewage 
works young men trained in practical chemistry and hiology 
— of whom there are hundreds seeking for this class of work, 
and who have, or could soon obtain, ample mechanical 
knowledge for all that is required on any sewage works — an 
average intelligent foreman is selected because he knows how 
to drive an engine, but is utterly destitute of the most 
elementary knowledge of the principles upon which he is 
working ; and after a time the essential work, namely, the 
purification of sewage, is treated as a subsidiary matter, and 
everyone wonders what can be the reason why, although the 
bricks and mortar and the machinery, and the farm, are still 
in evidence, the process has failed. There cannot be too 
plain speaking upon this matter. It has for years been a 
standing evil, and many who have had to do with sewage 
treatment have keenly felt the disadvantages they have been 
labouring under when they see a delicately worked out 
process handed over to the fumbling of a farm labourer, or 
superannuated foreman, or an engine driver without the 
slightest knowledge of the real engine which he has to drive, 
namely, the process entrusted to his charge. 

Let those in authority ask themselves, " What would 
become of a brewery if entrusted to the management of a 
man who knew nothing of brewing ? " or of a foundry ; or, 
in fact, of any ordinary business, if placed under the direction 
of one who knew nothing of the scheme underlying his work ? 
The remedy is obvious. If you want to brew — appoint a 
brewer. If you want engineering — appoint an engineer. If 
you want a chemical process properly carried out — appoint a 
chemist, and make him directly responsible for the results of 
his work. If special mechanical or other assistance be 
required from time to time, let it be called in and utilised 
with thankful acknowledgment. 
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In connection with the analysis of sewage, the points which 
it is desirable to ascertain are: — First, the quantity of 
oxidisable organic matter in the sewage and in the effluents ; 
second, the quantity of matters held in suspension in each 
case, but especially in the effluent; third, the quantity of 
nitrites and nitrates in the effluent. These three points 
constitute the keystone of the whole process, and when 
properly ascertained on samples collected in such a manner as 
to fairly represent the average daily flow, will enable the 
person — if qualified to understand them — ^responsible for the 
proper conduct of the work to keep the various filters or 
" bacteria beds " in the best possible condition. 

The apparatus required for the various operations necessary 
for this purpose is as follows : — 

For the " oxygen absorbed, ^^ 

1 doz. 10 oz. stoppered bottles, white glass. 

2 10 c.c. pipettes. 

1 50 c.c. burette on stand. 

2 70 c.c. flasks marked on neck. *' 
1 600 „ „ 

1 1000 „ „ 

6 qt. white glass wide-mouthed stoppered bottles for reagents. 

1 500 c.c. tall measure, divided into 10 c.c.'s. 

1 lb. pure permanganate of potash. 

1 lb. „ tbiosulphate of soda, commonly known as "hyposulphite." 

J lb. pure iodide of potassium. 

J lb. starch (rice) . 

1 w. qt. pure sulphuric acid. 

Small chemical balance, set of weights (1 milligramme to 50 grammes), 
constant temperature chamber, or Hearson's incubator, with thermostat for 
gas, or a regulator for oil lamp. 



PREPARATION OF SOLUTIONS. 

Into a Winchester quart bottle put 1800 c.c. of the purest 
water obtainable ; distilled water, though preferable for all 
these operations, is not necessary. 

To this bottle add 200 cubic centimetres of the strong 

g2 
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Bulphuiio acid, taking care that the aoid is added slowly, so 
as not to unduly increase the temperature of the water at the 
bottom of the bottle, to which the heavy acid will at once 
fall if the water is not kept moving, and thus run the risk of 
breakage. The best way is to make the water in the bottle 
swirl round, and then add the acid a little at a time. It is, 
of course, safer to make this mixture in a china pan. Now 
prepare a solution of permanganate of potash by adding a 
few crystals of the permanganate to a small quantity, say 
60 cubic centimetres, of clean water, and when dissolved pour 
into the mixture of sulphuric acid and water until it is 
distinctly tinged with the colour of the permanganate, and 
remains so tinged on standing for some hours. As a very 
little will be required, according to the quality of the water 
and acid employed, the operation must be carefully performed. 
The object of this process is to ensure the complete oxidation 
of any nitrites and other absorbents of oxygen which might 
be present in the water, and thus to prepare a dilute solution 
of sulphuric acid free from any ingredients which might 
interfere with this method of analysis. Label this bottle 
"10 per cent, by Volume Sulphuric Acid." 

Into another Winchester quart bottle filled with pure water 
put some permanganate solution in the same way, just 
sufficient to tinge the water red. Label this bottle — 
" Permanganated Water for Analysis." 

Weigh out on the balance 3 '94 grammes of the perman- 
ganate crystals, and dissolve them in half a litre of the 
"permanganated water," previously filled into a litre flask. 
When dissolved, make up the solution to one litre by the 
addition of sufficient permanganated water. Pour it into a 
glass quart bottle, and label it — " Standard Permanganate 
Solution, 1 c.c. = 1 mgrm. Oxygen." As the 3*94 grammes 
of permanganate will yield 1 gramme of oxygen, and that 
quantity is dissolved in a litre, or 1000 c.c. of water, it follows 
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that 1 c.c. of that solution will yield one-thousandth of a 
gramme of oxygen or O'OOl gramme, usually called a 
milligramme for convenience. 

As there are 70,000 grains of water in one gallon, we 
require to take such quantity of water for the analysis as will 
readily divide into one thousand parts. This we get most 
conveniently by taking 70 c.c. of water, which is a suitable 
quantity for our purpose. In this 70 c.c. there are clearly 
70,000 milligrammes, as each cubic centimetre is equal to a 
gramme, or one thousand milligrammes ; and thus we have a 
miniature gallon in which the milligramme bears the same 
relation to the whole as does a grain to the imperial gallon 
of 70,000 grains. Therefore, when the substances in 70 c.c. 
of the water, sewage, effluent, &c., " take up," or destroy, so 
much permanganate as is contained in 1 c.c. of the standard 
permanganate solution, which quantity is equal to 1 milli- 
gramme of oxygen, we know that the oxygen absorbed by 
the water is equal to 1 grain per gallon. 

Next take about 1 gramme of rice-starch, and mix smoothly 
with cold water into a thin paste, then pour gradually into 
200 c.c. of boiling water; continue the boiling for two 
minutes. Allow to settle, and decant the clear portion for 
use. In fact, make a starch icater. The exact strength is 
immaterial. Fill one of the 10 oz. bottles with this and label 
it " Starch Solution." 



THE PROCESS OF ESTIMATING THK " OXYGEN ABSORBED " 

BY ORGANIC MATTER. 

To ascertain the quantity of oxygen which will be absorbed 
by the oxidisable organic matter in the sample to be tested, 
fill one of the 70 c.c. flasks with the water until it reaches 
the level of the mark on the neck of the flask ; then empty 
this into one of the 10 oz. white glass bottles. Add to this 
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10 c.c. of the dilute solution of sulphuric acid, and then 10 c.c. 
of the standard solution of permanganate, which will be equal 
to 10 milligrammes of oxygen, or at the rate of 10 grains per 
gallon, as we have just seen. Next place this bottle in the 
constant temperature chamber previously heated to 80 deg. 
Fahr., and let it stand therein for four hours. At the end of 
that period take it out and add a crystal of iodide of potas- 
sium, when the solution will turn from a red to a yellow 
colour, in consequence of the permanganate which has been 
unused setting free iodine from the iodide of potash, according 
to definite chemical principles, in exact proportion to the 
quantity of permanganate unused by the organic matter, or, 
more strictly speaking, oxidisable matter, as some might be 
inorganic, in the water. 

In order to ascertain the quantity of iodine so set free, we 
must measure it by a standard solution of thiosulphate of 
soda, commonly known as " hyposulphite," which is prepared 
by dissolving about 10 grammes of the salt in a Winchester 
quart bottle filled with water. When this is ready — in fact, 
it should be prepared beforehand — the 60 c.o. burette is filled 
to the top, or zero mark, with the solution, taking care that 
the tap is filled at the same time to displace air, which might 
otherwise be counted as solution when subsequently reading 
off the quantity used. All being ready, the test bottle is 
placed under the tap of the burette and the solution of 
thiosulphate run in gently, the bottle being shaken from time 
to time, until the yellow colour nearly disappears. Now add 
a few drops of the starch solution, when the colour will be 
changed to a deep blue, by reason of the reaction of the 
iodine on the starch, forming the well-known iodide of starch. 
Continue to add the thiosulphate as before, but stop imme- 
diately the blue colour disappears. Note the quantity of 
solution used by reading the burette scale in c.c's and tenths. 
It will now be necessary to ascertain the relative value of the 
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thiosulphate solution in terms of ppnuangftuate, or rather 
oxygen, as indicated by that subHtance. This is doue by 
putting 10 c.c. of the etaudard permanganate solution into a 
clean 10 oz. bottle; adding 10 o.o. of the 10 per cent, 
sulphuric acid solution, and making this mixture up to 70 c.c. 
with the permanganated water ; then add ii crystal of iodide 
of potassium, thus imitating the former proaedure, with the 
exception that a water is used which does not absorb the 
permanganate, and it is not allowed to stand for four hours 
at 80 deg. Fahr. Fill up the burette to the zero mark again 
with thiosulphate solution, and repeat tlie process of 
" titration,'' as it is called, adding the starch just before the 
colour ot the iodine disappears. The object of the starch 
addition is to afford a more distinct " end reaction," and thus 
obtain a sharper reading. The number of c.e.'s of thio- 
sulphate solution used to neutralise the iodine set free by the 
10 milligrammes of oxygen is to be noted, when it will be an 
easy matter to ascertain the oxygen «i/used fay the matter in 
the 7il c.c. of water taken for the trial. Thus, if the standard 
10 CO. of permanganate solution (= 10 milligrammes of 
oxygen) required 25 e.c. of the standard thiosulphate 
solution, and the 70 c.c. of water after standing at 80 deg. 
Fahr, for four hours with the 10 c.c. of standard perman- 
ganate solution, took up only 4 c.c, of thiosulphate, we know 
that the available oxygen left in the unused permanganate 
must be -^ of that of the original quantity put in, and as 
^ of 10 is rO, the unused oxygen is equal to 1'6 milli- 
grammes, and therefore the I'srtl oxygen is the difference 
= 8-4 ; and the water must have taken up, or " absorbed," 
as it is technically termed, 8'4 grains of oxygen per gallon. 

If the colour given to the 70 c.c. of water by 10 o.o. of the 
standard solution of permanganate is destroyed in less than 
four hours, it means that the whole of the 10 grains per 
gallon has been absorbed, and therefore we must add more 
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standard solution of permanganate in order to satisfy the 
oxidisable matters present. In this case we add another 
10 o.c, both of the permanganate and 10 per cent, sulphuric 
acid solutions, and let the bottle continue to digest in the 
constant temperature chamber, until the four hours have 
passed as before, and then proceed as above, remembering that 
we must add 10 grains per gallon to our result for each addi- 
tional 10 c.c. of standard permanganate employed. In some 
cases of strong sewage, gas liquor, &c., it will be advisable to 
take only 7 c.c. of the sample to be tested, and to make up 
to 70 c.c. with the " permanganated water for analysis," and 
multiply the result found by ten. In the case of manufac- 
turing refuse containing the lower metallic oxides which 
rapidly absorb oxygen, it is advisable to ascertain the 
quantity of oxygen absorbed at once and to deduct this from 
that required in four hours, the difference presumably being 
due to organic matter, but the inference is by no means to 
be relied upon, as many organic bodies in certain conditions 
rapidly absorb considerable quantities of oxygen from per- 
manganate. Therefore, it is always better to state the result 
as " oxygen absorbed " simply. From these considerations 
it will be readily understood that this factor is not to be 
confounded with the " albuminoid ammonia," which is an 
approximate measure of the complex nitrogenous organic 
matters. 

MATTERS IN SUSPENSION. 

The apparatus required for estimating the quantity of 
matters held in suspension may be very much simplified by 
adopting a method which I have recently described, viz., the 
micro-filter method. This does not give the results in terms 
of grains per gallon, but in that of volume instead. This 
difference, however, is not a matter of practical importance, 
as all that is required is the fact that such or such a sample 
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coQtaiiis a more or less quantity of solid particles. If the 
actual weight is required tbe water to hs lesteJ should be 
filtered through filter-paper, the weight of wliieh is ascer- 
tained before use after drying at 213 deg. Fahr. for an hour 
or more until the weight ia constant, and then weighed again 
with the suspended matters whiuh have been collected on it, 
after a sei'oud drying in the same way, when the increase in 
weight found will indicate the weight of the matters 
originally in the sample— a simple calculation iodicafing the 
quantity in terms of grains per gallon — thus, if 700 o.o. of 
water are filtered, each 0010 gramme will indicate 1 grain 
per gallon. Care must he taken to ascertain the increase in 
the weight of the dried filter-paper by tlie absorption of 
solid matters dissolved in the water, which would otherwise 
be counted as due to suspended matters. 

The details of the micro-filter process are as follows : If a 
drinking water, or one containing but minute quantities of 
suspended matter, the neck of the bottle containing the 
sample is first carefully cleansed to remove extraneous dust ; 
and then one litre of the water, or proportionately leas when 
the quantity of sediment is evidently large, is decanted iuto 
a clean litre flask, which should liave a narrow neck, such 
ae those used in the well-known Bischoif's bird fountain, 
which I have found to be speiially suited for the purpose. 
A clean filter-paper, about ii in. in diameter, is placed in 
position in a glass funnel resting in the neck of a flask or 
bottle of at least a litre in capacity. Then the flask contain- 
ing the water is inverted, so that its mouth is just below the 
level of tlie top of the filter-paper. The water will at once 
fill the filter-paper, and so close the luoutli of the fiask, 
which thus acts in the ordinary way of the bird fountain, 
feeding tlie supply in the filter until the whole of the water 
has passed through. During this operation, which will take 
an hour for a good clean drinking water, great oare must be 
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taken to exclude duKt by plooiiig a perforated uanl, through 
wliieli tlie neck of the inverted flask jiasses, over the funnel. 
When the water is thus fiitereil, the deposit obtained 011 the 




"WasbiDg tlio deposit from filter- paper into micro-filter. 

paper, to whiuh it lightly adheres, is washed by a fine jet of 
wiiter from a laboratory wash-bottle into the micro-filter. 
The micro-filter ia prepared by selecting a length of glass 
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combustion tubing, from S in. to 10 iu. iu length, which 
after thorough cleansing by drawing a wet plug of cotton 
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wool through it, is hpated to redness over a hlowpipe fiaiiie in 
the middle portion of its length, aud pulled out when soft to 
a capillary tuhe. 

The diameter in the tliiDnest part should be Bomething 
less than two millimetres. It is then cut with a sharp file 
at the two jioints at which the capillary fuhe is exactly two 
millimetres iu diameter, and neatly broken. By this means 
two micro-filtLT tubes will ho prepared. They are then 




Forminjf the porous filter- plii^. 

converted into filters by charging the small ends with a 
suitable porous diaphragm prepared by mixing about one 
part of powdered air-dried clay with three parts of Kieselguhr. 
This mixture is moistened aud worked up by rolling between 
the palms of the hands into a smooth putty, whiuh must be 
spread out to a depth of two millimetres on a clean plate of 
glass or glazed carthenwai'e. The filter tube being held 
upright in the manner of a pencil, with the small end 
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downwards, is pressed steadily on to the maes of clay and 
Kieselgiilir, and then worked round to free the enclosed 
portion on the tube from the surrounding mass. This 
separation will be facilitated hy moistening the glass tube 
with water just before pressing it on the clay, &c. By this 
method the capillary tube will be neatly charged with a plug 
of the mixture. This is next warmed in the flame of a lamp 
and gradually heated to redness, when the burnt clay will 
set hard and keep the Kieselguhr in position, and so form a 
porous diaphragm admirably suited for the purpose of a 
minute flltpr. If a little air is sucked through the tube 
while the plug is red hot, the organic matter always present 
with the Kieselguhr will be completely destroyed and the 
filter made more porous. 

As the fine sediment from the water will often choke the 
pores of this small plug, the filtration may be conveniently 



accelerated by putting the small end of the tube through an 
aperture perforated in an india-rubber stopper fitting into a 
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convenient bottle, a second glajss tube from which leads by 
means of india-rubber pressure tubing to an exhaust pump, 
which when worked creates a vacuum in the bottle, and so 
pulls the water through the filter drop by drop. When only 
about half-an-inch of water remains in the micro-filter, the 
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MICEO-FILTEE. 

A Measuring depth of deposit. 

B End of filter-tube oontiining deposit cut off. 

latter is removed, and the depth of deposit which will now 
be collected on the filter-plug is measured, and the results 
expressed in terms of millimetres of deposit in a two- 
millimetre diameter tube per litre of water. Thus, a 
numerical factor is obtained to express the actual quantity 




B 




MICEO-FILTEE. 

A Loosening deposit with wire from filter-plug. 
B Deposit collected at open end, and plug cut off. 

of suspended matter present in a water. Of course, in th^? 
case of dirty water, effluent, or sewage, when the deposit 
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from a litre would te too great to be contained in that part 
of tho raioro-filter tute having a diameter of about two 
millimetre;", half or a quarter of that quantity may he taken, 
or even less, say, 5 or 10 e.c, when it may be placed in the 
fllter-tuhe direct without the preliminary filtration through 
paper, and the depth nf di^posit actually found should he 
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micro9Gopo alide. 



multiplied accordingly, so that the result, in all cases, even 
the most foul water, where only a few c.c's can be used, 
may be espreesed in the same t«rms of " millimetres per 
htre." In some cases it is difficult to induce all the water 
to pass the plug, hut where only the depth of deposit is 
required, the solid matters may he made to collect rapidly 
at the end of the Sue tube by holding the stout end in the 
fingers, and with a long sharp sweep at arm's length, 
inducing them to fall to the thin end by centrifugal action. 
So delicate is this method, that I have been able to demon- 
strate tlie presence of most objectionable matters in a siugle 
tumblerful of ordinary so-called good drinking water, 

ESTIMATION OF NITRITES. 

The estimation of the nitrogen which lias been oxidised 
into nitrons and nitric oompounda, and in that condition 
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forming, in combination with alkaline bases such as lime, 
soda, potash, &c., the corresponding salts, known as nitrites 
and nitrates, must be divided into two operations, one for 
each condition in which the nitrogen may so exist. We will 
consider the nitrites first, as being the first in order of forma- 
tion by nitrifying bacteria, and then the nitrates. 

The best method for the estimation of small quantities of 
nitrites is that suggested by Griess, and is known by his 
name. The reagents required are : — 

(1) A solution of five grammes of meta-phenylene-diamine 

in one litre of water, made acid with sulphuric acid. 

(2) Sulphuric acid (pure) in the proportion of one volume 

of acid to two volumes of water. 

(3) A solution of pure potassic nitrite containing 001 

milligramme of nitrous acid in every c.c. This is best 
made by dissolving 0*406 gramme of silver nitrite in 
hot water, decomposing it with a slight excess of 
potassic chloride, allowing the silver chloride thus 
formed to settle, making up to a litre, and then 
diluting each 100 c.c. of the clear fluid again to a 
litre. 

The actual operation is performed by putting 100 c.c. of 
the water to be tested into a narrow glass cylinder (Nessler 
glass), and adding first 1 c.c. of the sulphuric acid solution, 
and then 1 c.c. of the meta-phenylene-diamine. If a ted 
colour is immediately developed, less of the water must be 
taken, and it is to be diluted until the colour just shows itself 
at the end of one or two minutes. The colour thus obtained 
is imitated exactly as possible by running from a burette a 
small quantity of the standard nitrite solution into a similar 
cylinder charged with distilled water, adding a small quantity 
of sulphuric acid and the meta-phenylene-diamine. It will 
be noted that the nitrite solutions thus treated are continually 
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getting darker, bo tliat tbe final determination must be started 
simultaneously, and the final shade observed in both at the 
end of the same interval of time, -which, as the reaction is 
somewhat slow, may be at the end of from twenty to twenty- 
five minutes. 

The quantity of nitrous acid present in the sample under 
I examination will then be easily calculated from the quantity 
of nitrite solution used. 



ESTIMATION OF NITRATES. 

Ab heading the list of reliable prooeeaes for the estimation 
of the total nitrogen in water in the form of nitrites and 
nitrates that by means of the reduction of the nitrogen to the 
form of ammonia by the action of aluminium foil in the 
L presence of caustic aoda may be first considered, as I have 
found this process to yield most satisfactory results, and gene- 
rally resort to it for confirmation from time to time. The 
only drawback to this method, as in the copper-zinc couple 
process to be described later on, is the length of time that is 
occupied by the actual process of reduction. For carrying it 
out the necessary re-agents are pure aluminium foil, caustic 
floda, Nessler solution, and a solution of chloride of ammonium 
of known strength. 

In this method, the water to be treated is first boiled with 

I a little of the caustic soda, hereafter mentioned, in order to 

» remove the amraoniacal salts which would otherwise vitiate 

the concluding part of the test, in which the nitrates are 

converted into ammonia, and estimated in that form, and 

then calculated back into the equivalent quantity of nitrogen. 

After the boiled water is cooled, the volume lost in boiling 

8 made up with pure distilled water, which lias been found 

I to be free from ammonia, and 70 cubic centimetres measured 

I oat and added to an equal quantity of a strong solution of 

I pure caustio soda or potash, free from nitrates. Formerly, 
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this substanoe had to be made by the operator for himself, 
but it can now be procured from the wholesale chemists 
speciallj prepared for this work. The caustic soda may also 
be rendered fit for use by allowing it to stand for several 
hours in contact with a piece of aluminium foil, and then 
boiling off the ammonia formed from the reduction of the 
nitrates originally present. To the water and soda solution 
contained in a stoppered bottle a piece of aluminium foil 
about six inches square is added, and the whole allowed to 
stand for some hours, best overnight. By the electrolytic 
action which takes place hydrogen is set free, with the 
resulting reduction of the nitrites and nitrates and thus 
the conversion of the nitrogen into ammonia, the quantity 
of which must then be estimated. For this purpose it is 
best to use the process devised by Nessler, a German chemist, 
who found that, by the action of a strongly alkaline solution 
of mercuric iodide on dilute solutions of ammonia, a yellow or 
brownish colour is produced, the depth of tint increasing with 
the proportion of ammonia present. 

Before proceeding to estimate the quantity of ammonia 
produced by the reduction of the nitrites and nitrates, care 
must be taken to ascertain that the whole of these substances 
have been fully reduced by testing the solution for nitrites in 
the manner described on page 96. 

For this purpose ten cubic centimetres should be removed 
without disturbing the sediment, and placed in a clean Nessler 
glass. To this is added forty centimetres of pure distilled 
water, free from ammonia, and the mixture treated first with 
one cubic centimetre of the sulphuric acid solution described, 
and then one cubic centimetre of the solution of meta- 
phenylene-diamine-hydrochloride ; when if the reduction is 
not complete a yellow to brown colour will gradually appear, 
varying in intensity with the quantity of nitrite present. If 
this happens, a further quantity of aluminium foil must be 
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added to the bottle containing the water under examination, 
and the whole allowed to stand for a further period. A few 
trials will soon give the student confidence in the method. 

The Bolution of alkaline mercuric iodide known as " Neasler 
reagent " is prepared hy adding to a solution of iodide of 
potassium a saturated solution of mercurio chloride (corrosive 
sublimate), until the vermilion- coloured precipitate which 
is immediately produced ceases to become re-dissolved in the 
excess of potassio iodide ; caustic potash or soda is then added 
(about 130 grammes to a litre of solution), when the resulting 
Nessler reagent will have a distinct faint straw colour, and, 
on standing, deposit a little red sediment. The delicacy of 
the reagent should be ascertained by adding a small quantity, 
about two cubic centimetres, of it to about fifty centi- 
metres of pure distnied water to which has been added a few 
drops of dilute solution of ammonia, hereafter described, 
when, if the test ia sharp in its reaction, it will at onee strike a 
distinct straw colour, thus indicating the presence of ammonia. 
If it does not do so, a small quantity of a saturated solution of 
bichloride of mercury shoidd be added until the reagent will 
dissolve no more, when a second trial will result in a sharp 
reaction in the desired manner. Having thus prepared the 
Nessler reagent we have next to get the water under examina- 
tion in a condition for the test to be applied. To do this we 
may proceed in one of two ways. First, if the solution con- 
taining the aluminium and caustic soda be clear, ton eubio 
centimetres may be removed by a pipette and added to about 
fifty oubio centimetres of pure distilled water free from 
ammonia. To this is now added two cubic centimetres of 
the Nessler reagent, when a decided straw colour will be 
produced if ammonia be present. In order to ascertain the 
quantity wo proceed by the method of trial and error. A 
measured quantity, according to judgment to be gained after 
experience, of a standard solution of ammonia is added to 
h2 
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fifty cubic centimetres of ammonia-free distilled water, and 
then two cubic centimetres of Nessler reagent, further 
quantities of the ammonia solution being added until the 
requisite depth of tint is obtained. This operation may be 
carried out in a five-ounce clear white glass bottle ; or, better 
still, in special glasses constructed for the purpose and known 
as Nessler glasses. These are white glass cylinders of about 
six inches in length and one inch in diameter, with a fiat, 
thin, clear white bottom. Care should be taken that the 
depth of solution is equal in each case. It will soon be 
observed by the careful student that if the solutions containing 
the ammonia and the Nessler reagent are allowed to stand for 
prolonged periods there will be a gradual increase in the 
depth of colour produced, especially if the Nessler reagent is 
not sharp in its reaction, so that care must be taken that the 
interval of time between the addition of the test and that at 
which the comparison reading is made is about the same in 
the case of the cylinder containing the solution to be tested 
and that containing the test quantity. It will also be found 
in certain cases, when the nitrates were present in large 
quantities, instead of the test producing a clear colour, a 
muddy deposit will be obtained. The intei'pretation of this 
is, that the ammonia was present in too large a quantity for 
the resulting compoimd to be held in solution, and we must 
accordingly still further dilute it with pure distilled water, to 
perhaps ten or one hundred times its volume, when it will 
be easy to obtain the usual satisfactory reaction. 

The second method, which is generally preferable, is to 
distil the mixture of aluminium, caustic soda and water, in a 
fiask or retort, and then to make the Nessler test on the 
distillate which, if the distillation is carried far enough, will 
contain the whole of the ammonia, free from the earthy 
matters which often mask the test reaction by producing a 
turbidity. 

The compraison or standard solution of ammonia is pre- 
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pared by disaolying 1-5735 grammes oE pure, earefiiUy dried, 
amiuonium cliloride in a litre of water. Eaoh cubic centi- 
metre of this solution will now contain 0'5 milligramme of 
ammonia. This solution should be measured out by a 
graduated pipette, or, better stiU, from a burette fitted with a 
glass stopcock by means of which fractions of a cubic centi- 
metre may bo measure off with both rapidity and accuracy. 

Should this strength of ammonia soliition be too great for 
delicate work it may obviously be diluted as desired. 

As the Nessler reagent is highly eaustit.' and poisonous the 
student should be carefal how he handles it. The common 
laboratory way is to suck up the required quantity in a small 
glass tube and let it drop from thence into the water to 
be tested. This method wiU often result in a quantity of 
the fluid being drawn into the mouth, an experience which the 
student will not be anxious to repeat. The best way is to use 
a two cubic centimetre pipette, standing in a small bottle 
holding about 200 cubic centimetres, which is replenished 
from the stock bottle from time to time as required. This 
pipette will then be always fall and ready to transfer the 
exact quantity required to the test glass. 

The various operations having been successfully conducted, 
it now becomes necessary to ascertain from the information 
thus gained how much nitrogen existed in the water in the 
form of nitrates and nitrites, for, as already mentioned, this 
process makes no difference between the two. 

Having now ascertained Uiat the distillate from the 
quantity of water under trial for the presence of nitrates 
contained so much ammonia, the quantity of nitrogen is 
found by the simple fact that every 17 of ammonia repre- 
sents 14 of nitrogen, so that if 1'7 c.c. of the above ammonia 
solution were used in the Nesaleriaing to match the colour 
of the distillate, there must have been nitrogen equal to 
0'7 milligramme in the 70 c.o. of water taken for the trial ; 
and consequently that water contained nitrogen, as nitrates, 
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equal to 0*7 grain per gallon, because, as already shown in 
connection with the " oxygen absorbed " determination, the 
milligramme has the same ratio to 70 c.c. as the grain has to 
the gallon. 

I have set out this method of Nesslerising somewhat at 
length, as the process, which is also employed in the " copper- 
zinc couple " method next described, is one which lies at the 
base of a large number of methods of analysis, known as 
" volumetric," and when once mastered (it is very simple) 
will be of the greatest possible value to the student. 

Copper-zinc couple method for cotnbined nitntes and 
nitrates. — This very elegant method was introduced by 
Mr. W. Williams. The details of the process are precisely 
the same as those in the foregoing aluminium and sodic 
hydrate method, with the exception that instead of the water 
being mixed with pure caustic soda and aluminium, it is 
placed in a suitable wide-mouthed bottle, and a strip of zinc 
foil coated with copper is placed in it, so that the foil is 
completely covered by the water, the stopper placed in 
position, and the whole allowed to stand, all night by 
preference, when the water may be either decanted from 
the foil into a retort and distUled and Nesslerised, or a 
portion of the clear liquid may be carefully withdrawn by a 
pipette and introduced into the Nessler glass, a sufficient 
quantity of pure ammonia-free distilled water added to 
make up the quantity to 50 c.c. and Nesslerised direct, 
thus saving the generally unnecessary process of distillation, 
which, indeed, may often be neglected with advantage in the 
case of the aluminium foil process. 

The copper-zinc couple is made by taking a strip of zinc 
foil, about 6 in. or 8 in. long, curling it round so that it will 
readily enter the wide-mouthed bottle to be used for the 
operation, and placing it in a 2 per cent, solution of cupric 
sulphate, when a deposit of brownish-black spongy copper 
will loosely adhere to the foil. In a few moments the whole 
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of the foil will be coated, when it is mthdrawn and ' 
under the tap, care being taken to avoid removing the loosely- 
adhering copper. It is then placed in the bottle of water and 
the process completed as described. 

I have used tliia method mth very satisfactory results, but 
it is not difficult to find difFerencea of opinion respecting its 
merits ; and Dr. Dupre, who has had considerable esperienoe 
in this class of work, prefers the indigo titration method, 
whicb will next be described. 

Jiidigo nieihod for combined nitrites nml nitrates. — This 
process was originally devised by Mars, but it has been 
modified and improved. The principle is that of liberating 
free nitric and nitrous acids from their eombintttiona by the 
aid of strong sulphuric acid, and measuring the quantity so 
liberated by the decoloration of a solution of indigo. Sutton, 
whoso work on " Volumetric Analyses " should be obtained 
by the student, describes the process as follows : — "Experience 
has shown that the only method by which it can be made 
serviceable in the case of ■waters is to have a solution of indigo 
carmine of good quality, whicli is standardised upon a very 
weak solution of potassio nitrate. A definite volume of indigo 
must be used invariably, and the water to be examined varied 
in quantity according to its contents of nitric acid. In this 
manner very excellent results may be obtained, but it must 
always be remembered that the process is only accurate with 
moderate proportions of nitrates." 



The solutions required are : — 

Standard potassie nitrate made by dissolving O'lOll gramme 
of potaasic nitrate in a litre of water free from nitrates and 
nitrites. 1 c.o. = 0'013 milligramme of nitrogen. 

Indigo carmine. — A good quality of this substance should 
be selected, and about a gramme dissolved in half a litre of 
dilute sulphuric acid (1 in 30). This solution keeps in the 
dark for months without diminution of strength. 
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Pure sulphuric acid. — This must be free from nitric and 
nitrous compounds, and of not less sp. gr. than 1*843. 

Standardising the indigo, — About 10 o.c. of the standard 
nitrate are run into a thin flask holding about 150 c.c, then 
10 c.c. of indigo ; 20 c.c. of sulphuric acid are then quickly 
added from a graduated measure, and a rotary motion given 
to the flask to mix the liquids ; the flask is then quickly held 
over a spirit lamp or small rose gas burner to maintain the heat. 

If the indigo is at once decolorised, more is run in with 
constant heating, until, after heating for about thirty seconds, 
a persistent greenish colour is noted. From the number of 
o.c. of indigo decolorised the necessary degree of dilution is 
calculated, and must always be made with the 5 per cent, 
sulphuric acid, and not with plain water. Fresh trials are 
made in the same manner until the strength of the indigo is 
accurately determined. 

Process for nitrates in water. — ^A trial titration is first made 
by taking 10 c.c. of the water, adding indigo, then strong 
sulphuric acid in volume equal to the united volumes of 
indigo and water, and heating exactly as in standardising the 
indigo. This first titration will show how much the water 
under examination must be diluted, so that it may contain 
nitric acid approximately equal to the standard potassic 
nitrate. After the water has been diluted with distilled 
water free from nitrates and nitrites, fresh titrations are made 
as before described, imtil the exact number of c.c. of indigo 
decolorised by 10 c.c. of the diluted water is known. In all 
cases it is important to work to the same shade of greenish 
colour, after heating for thirty seconds, as was obtained in the 
original standardising of the indigo. The colour of the 
oxidised indigo by itself should be a clear yellow. 

Dr. Dupr^ is of opinion that when only very small quan- 
tities of nitrates are present, it is advisable to add a little 
nitrate solution in known quantity to the sample to be tested, 
and then to deduct the amount so added from that found, as 
by this means he obtains more accurate results. 
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CHArTER YIII. 



INTBRPEETATiON OF THE RESULTS OF ANALYSES. 

Considering, in the same rdative order, the three points 
dealt with in the last chapter, viz., oxygen requii'ed to oxidise 
the organic matters, or " oxygen absorbed," as it is shortly 
called ; the suspended matter ; and the quantity of nitrates, 
we may now study them in relation to the work of sewage 
purification, 

Oj'ijijen absorbed. — The quantity of the oxygen absorbed 
by the organic matter in solution in crude sewage will vary 
from an average of about three to four grains per gallon, 
according to the character of the sewage. It must be noted 
in passing, that the word " average " is here used ae denoting 
the average quality of the daQy flow, and not merely a 
mixture of samples taken at odd times. If this is done, the 
strength of the sewage will be found to vary very considerably 
according to the time of day, rainfall, &c. We may, there- 
fore, take 3'5 grains as a fair average factor for crude London 
sewage throughout the year as a standard of comparison. 
The effect of treating sewage chemically by putting precipi- 
tating agents into it will be to remove a certain proportion of 
the matters in solution, in addition to aU, or nearly all, the 
matters held in suspension. The extent to which the matters 
in solution are affected was shown in the tables in Chapter III, 
On turning to these we see very clearly that the strength of 
the solution of organic matter is very considerable in cerfaui 
coses, and in these no less than from 90 to 91 per cent, of the 
dissolved organic matter is thrown down by suitable precipi- 
tating reagents ; but as the strength of the solution declines 
the quantity removed by the same means faUs to only about 
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60 per cent., thus clearly showing that the dilution of the 
sewage is an objection from the point of view of its suitability 
for treatment. As will be noted, these experiments were 
made upon a specially prepared solution of meat extract, in 
order that we might liave a fairly definite extractive substance 
as a standard. In order to ascertain the effect of similar 
treatment on ordinary sewage, the further trials given in that 
chapter were made upon simple raw sewage collected through- 
out the twenty-four hours, so as to show the influence of the 
varying character of the sewage upon the treatment, and to 
throw light upon the many discrepant statements made by 
one set of experimentalists, and so loudly contradicted by 
others; each vaunting the infallible process of the patent 
rights of which he was the happy possessor. In this table 
the same characteristic is shown. The stronger the sewage 
the greater the percentage removal of the organic matters in 
solution, as determined by the quantity of oxygen absorbed 
by those remaining in solution. 

As showing how the monthly average quantity of dissolved 
impurities, as indicated by the oxygen absorbed, may vary 
during the year, apart from the daily variation, the following 
table will be of interest. Each factor is the average of daily 
analyses of samples collected day and night at intervals of 
two hours, so as to ensure accurate results ; — 

Northern outfall, Southern outfall, 

1894. Barking Creek. Crossness. 

JaDuary 3-396 3*418 

February 3-415 3-474 

March 3*283 4-050 

April 3-172 3-658 

May 3-269 3-614 

June 2-924 3952 

July 3-013 3-721 

August 2-814 3-554 

September 2-856 3-799 

October 3-221 3*951 

November 2*942 3-420 

December 3186 3*892 



Average 3-124 3-709 
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At certain times the effect of the large quantities of blood 
let into the sewers from the cattle market, Deptford, and 
which formerly used to flow direct into the river at that point 
on the southern side of the Thames, is very noticeable, the 
quantity of oxygen absorbed rising to abnormal figures, 
and contributing greatly to the usual amount of impurity. 
As I have already shown, the greater the impurity the 
better the effect of the treatment, and thus the process 
adopted at these works has been able to cope effectually 
with the increased amount. 

For comparison with the above samples of sewage from the 
Sutton (Surrey) Works, which are on the " separate system," 
were found to absorb an average quantity of oxygen equal to 
4'29 grains per gallon, so that the effect of this system is to 
keep the sewage a little stronger — a result which I fail to see 
is sufficiently commensurate with the increased cost of the 
necessary double set of sewers, one for sewage and another 
for rain watej'j. and, as will be seen later on, there is no 
advantage in this respect when the sewage has to be dealt 
with by bacteriological means, instead of by fanning or 
chemical processes, which I now look upon as rapidly passing 
into the things, of the past, as in the light of our present 
knowledge they are efficient in only very few cases ; for as I 
have shown, the effect of simple chemical treatment upon the 
oxidisable matters is to reduce their amount by only a small 
proportion. In the case of the southern outfall, where the 
process is working fairly well, the average quantity of oxygen 
absorbed for the year 1894 was 3*115 grains per gallon, thus 
showing a reduction of 16 per cent., and in the case of the 
stronger sewage at Sutton the reduction was 32 per cent. 
But on turning to the effect of biological filtration the result 
of the experiments made at the Northern Outfall Works at 
Barking Creek, we find that the average reduction was 
nearly 80 per cent., and in the case of the Sutton experiments 
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almost as muoh, and in some cases the combined effect of 
precipitation and filtration gave 95 per cent. 

In the case of river water, such as that of the Thames 
daring the period from July, 1893, to March, 1894, the oxygen 
absorbed varied according to the following table. The figures 
are the results of daily analysis during that period, which 
includes phenomenally dry and wet seasons : — 

Oxygen Absorbed, 

Orams per gallon. 
High water. Low water. 

Teddington, above Look 0* 162 — 

KewBridge 0179 0-161 

Hammersmith 0*197 0*173 

Battersea Bridge 0*231 0*185 

London Bridge 0*273 0*198 

Greenwich 0*361 0*262 

Blackwall 0*376 0*270 

"Woolwich 0*377 0*307 

BarkingCreek 0*381 0*349 

Crossness 0*363 0*387 

Erith 0*294 0*400 

Greenhithe 0198 0*302 

Gravesend 0*164 0*213 

The Mucking 0*101 0*126 

The Nore 0*062 0*068 

Carrying the comparison one step farther, we may now 
look at the average results of the daily analysis made under 
my direction of the London water supplied by the various 
companies. It will be interesting to remember that the water 
in the Thames at Sunbury is that practically taken by all the 
respective companies drawing their supplies from that river> 
the different positions of their intakes having but little effect. 
These will complete the sequence of comparisons for ascer- 
taining the degree of impurity in any given sample that the 
student may be called upon to examine. 
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Average Daily Quantity of Oxygen Absorbed {by the Dissolved 
Matters) from Permanganate in four hours at 80 d^g, Fahr.j 
during the twelve months ending Decembei% 1895. 

Description of water. Grains i>er gallon. 

Biyer Thames at the intakes at SanbuTy 0* 128 

Kent Company 0-018 

New Eiver 0*041 

West Middlesex 0072 

Chelsea 0-064 

Grand Junction 0*069 

East London 0*060 

Lambeth 0*071 

Southwark and Vauxhall 0*078 

Summarising these results in their order, we have the 
following very interesting and instructive table : — 

" Oxygen absorbed " 
Description of water. in four hours. 

Grains -per gallon. 



Kent Company's deep well in chalk 

New River, partly spring, wdl, and river 

Lee River, filtered supply 

Thames Company's average filtered supply 

Thames, unfiltered, the Nore 

,, the Mucking 

,, Sunbury (companies' intakes) 

,, Teddington (above lock) 

„ Kew 

, , Hammersmith 

„ Gravesend 

,, Battersea Bridge 

, , London Bridge 

,, Greenhithe 

„ Greenwich 

„ Blackwali 

,, Woolwich 

„ Erith 

,, Barking 

,, Crossness 

Average water-carried i^wage, London, North 3 

99 u >» n South 3 

„ n n separate system, Sutton..., 4 



018 
041 
060 
071 
060 
113 
128 
162 
170 
185 
188 
208 
235 
250 
306 
325 
342 
347 
365 
370 

124 
709 
290 
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If the qualify of the water of the river at Southend is 
taken as being equal to that represented by the mean of that 
at the Nore and the Mucking, then we have the somewhat 
startling but satisfactory result that the water of the estuary 
at that favourite watering-place is to all intents and organi- 
cally as pure &s that supplied after filtration to the con- 
sumers of London by those companies drawing from the 
Thames at Hampton and Sunbury, and the quality of 
which has been described by Sir Edward Frankland as equal 
to the finest drinking water supplied to any community in 
the world. 

Suspended Matters, — ^In the same way as that in which we 
have considered the quantity of oxygen absorbed by the 
dissolved matters, we may look at the quantity of solid 
matters held in suspension. 

The following table, showing the quantity of suspended 
matters in average London sewage during the year 1894, 
and that in the efiluent after treatment with lime and iron, 
will serve as a starting-point for comparison so far as water- 
carried sewage is concerned. It will be remembered that in 
this instance all storm water is included, and as the process 
has been converted from the original design of quiescent 
precipitation to one involving continuous flow, the settlement 
is not so perfect as it would otherwise be : — 

Suspended Matters, 

Grains per gallon. 
Sewage. Effluent. 

January 38-1 89 

February 302 6-1 

March 29-6 7-8 

April »... 30-2 7*2 

May 33-5 7*1 

June 30-6 6*3 " 
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Sewage. 

July 36-1 

August 36*1 

September 26-6 

October 35-3 

November 22*5 

December 29*1 



Grains per gallon. 

Effluent. 

6-6 

6-1 

5-7 

60 

3-2 

5-0 



In the filtrate from a properly-worked coke-breeze filter, 
or "bacteria bed," the suspended matters are reduced to 
a mere trace, which can be best determined by the micro- 
filter. 

The following are the results of a series of daily deter- 
minations of the quantity of suspended matters in the water 
of the river Thames from Teddington to the Nore during 
1893-4, as above mentioned, in connection with the ** oxygen 
absorbed." It must be noted, however, that in most of these 
cases the suspended matter consisted largely of loam and 
sand. 



No, 5. — Total Matters in Suspension — Monthly Averages. 





HIGH WATER. 


Locality. 






















1893 






Jan. 


1804. 

Feb. 






July. 


Aug. 


Sept. 


, Oct. 

* 
traces 


Nov. 


Dec. 


M»ir. 


Teddington .... 


•03 


traces 


traces 


traces 


3-11 


2-28 


1-17 


1-28 


Kew Bridge.,.. 


5-22 


.4-67 


6-66 


5-58 


5-59 


3-56 


2-86 


2-65 


1-90 


H' smith Bridge.. 


3-59 


2-64 


3-32 


7-04 


6-35 


9-52 


600 


4-84 


2-88 


Battersea Bridge 


3-61 


2-49 


4-01 


3-92 


6-76 


8-29 


10-55 


11-71 


9-38 


London Bridge.. 


9-50 


24-62 


19-21 


26-21 


18-59 


16-80 


24-46 


23-53 


16-55 


Greenwich .... 


5-79 


10-91 


8-46 


9-88 


11-56 


5-79 


13-30 


16-27 


5-79 


Blackwall 


5-68 


6-08 


5-27 


4-25 


5-56 


5-54 


9-54 


9-34 


4-46 


Woolwich 


. 3-68 


5-08 


4-30 


4-33 


6-05 


7-58 


9-79 


16-99 


6-91 


Barking 


. 2-07 


2-67 


2-86 


2-17 


2-65 


2-23 


5-42 


7-30 


5-46 


Crossness 


2-25 


2-37 


2-90 


2-42 


2-38 


3-86 


4-37 


3-65 


2-97 


Erith 


' 2-23 


2-41 


2-92 


2-56 


3-30 


3-74 


5-61 


5-99 


5-20 


Greenhithe .... 


3-88 


2-27 


3-31 


3-09 


6-46 


7-40 


9-19 


7-23 


8-70 


Gravesend .... 


! 5-98 


6-75 


9-84 


9-53 


15-16 


24-71 


24-71 


18-73 


10-43 


Mucking Light.. 
Nore Lightship.. 


' 3-54 


2-15 


2-10 


2-68 


3-79 


6-28 


7-01 


7-02 


4-80 


3-09 


2-02 


1-98 


3-61 


610 


6-25 


5-80 


5-18 


305 



Quantities are expressed in grains per gallon. 
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LOW WATER. 


LooaUty. 


















1803. 




1 Jan. 


1804 

Feb. 


. 




Jiily. 


1 Aug. 


Bept. 


Oct. 


Nov. 


Dec. 


Mar. 


Teddington .... 












.— 


..__ 


__ 


^_ 


Kew Bridge.... 


1-20 


1-11 


1-38 


•96 


-00 


1-99 


3-42 


3-26 


2-04 


H'smithBrid^.. 
Battenea Bridge 


2-97 


3-37 


3-70 


2-60 


1-92 


2-13 


3-10 


2-85 


2-26 


6-85 


7-26 


12-69 


10-21 


7-64 


2-95 


4-41 


3-81 


4-24 


London Bridge.. 


13-69 


14-66 


22-74 


27-76 


27-65 


12*07 


6-92 


5-67 


3-09 


Greenwich .... 


7-89 


25-94 


35-12 


21-74 


27-22 


22-43 


17-47 


14-79 


11-83 


Blackwall 


4-86 


9-78 


13-79 


7*18 


10-50 


12-19 


11-79 


10-73 


8-01 


Woolwich 


4-68 


6-56 


7-21 


1005 


6-48 


6-28 


9-43 


11-66 


6-64 


Barking 


3-44 


7-60 


7-26 


8-59 


5-66 


3-94 


8-39 


16-57 


12-02 


GroesnesB 


7-89 


8-88 


14-42 


6-88 


10-10 


8-36 


17-81 


18-44 


6-96 


Erith 


3-29 
619 


4-00 
3-27 


4-18 
5-22 


3-75 
2-69 


4-99 
6-42 


3-36 
7-73 


4-09 
7-93 


6-67 
5-95 


3-83 


Greenhithe .... 


9-53 


Gravesend .... 


4-91 


5-28 


7-41 


6-27 


9-87 


9-53 


18-98 


12-89 


8-08 


Mucking Light.. 
Xore Lightship.. 


7-89 


18-67 


9-27 


10-80 


18-73 


31-75 


11-23 


15-62 


8-26 


3-15 


2-49 


3-71 


4-40 


10-93 


8-29 


4-81 


6-33 


5-20 



Quantities are expressed in grains per gallon. 

For oompariflon with the above, the following results of 
the filtered water supplied to London will be interesting : — 



Average Quantity of Smpended Matter during 1895. 



Sonrce of Water. Mineral. 

Intake water, river Thames, Sunbury . . . . 0*4181 

Kent Company's supply 00007 

New River Company's supply 0*0006 

East London Company's supply , 0*0015 

West Middlesex Company's supply .... 0-0005 

Grand Junction Company's supply 0*0010 

Chelsea Company's supply 0*0014 

Lambeth Company's supply 0*0018 

Southwark Company's supply 0-0031 



Grains per Gallon. 


Oi^anic. 


Total. 


.. 0-1179 


. . 0-5360 


.. 0-0004 


.. 0-0011 


. . 0-0005 


.. 00011 


.. 0-0012 . 


. 00027 


.. 0*0005 . 


.. 0-0010 


.. 0-0013 , 


. 0-0023 


.. 0-0013 . 


. 0-0027 


.. 0-0015 . 


. 0-0033 


.. 0-0025 , 


. 0-0066 



The following table shows the comparison of the results of 
the determinations of the quantity of suspended matters in 
the above waters, during the latter six months of that year, 
by the micro-filter method and the gravimetric process : — 
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114 Interpretation of the Results of Analyses. 

NitratcH, — Generally speaking, sewage contains no nitrates, 
but this is a case by no means without an exception, although 
the quantity present in a given volume of water must always 
be less than that present in the originally clean water 
supplied to the town. As must be obvious, the pi'esence or 
otherwise of nitrates entirely depends upon the time the 
sewage matters have been in contact with the water used for 
flushing. If a sufficient interval has not elapsed, the nitrates 
originally present in the water supplied will not be reduced 
by the action of the de-nitrifying organisms, and therefore 
they will be found in the sewage if looked for at once. 

In the course of the experiments at Barking the following 
results were obtained : — 

1MU Effluent from PHfrafe 

***• predpitatmg tanks. titrate. 

Grains per gallon. 

April 7th to June 9th .... 0128 0-238 

August 3rd to Nov. 9th .. 0022 0141 

Nov. 16th to March 2iid . . 0*396 0699 

April 8th to April 20th.... 0-143 0-770 

In a very large number of cases there were no nitrates at 
all in the raw sewage. The excess in the effluent shows the 
satisfactory processes of the work of the bacteria in the filter 
bed in oxidising the nitrogen organic matter. 

I do not here propose to further discups the work of 
Warington and others regarding the action of minute 
organisms upon organic niatter, as that has been so well and 
often done in different works by various authors. It is well 
known that we owe a large share of gratitude to Warington 
for his classical work in this direction, and the student is 
advised most strongly to read up the subject as far as he is 
able. Shortly, it may be desirable to state, as already 
pointed out, that the oxidation of organic matter is brought 
about by the agency of living organisms ; but in order that 
putrefaction should be avoided, they must be supplied with 
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fresli air, in which case the carbon is converted into carbonic 
acid, the hydrogen into water, and the nitrogen into nitrates. 
Consequently the measure of the quantity of nitrates in the 
effluent, whether from the tank, field, or filter bed, must be a 
measure of the degree of wholesome purification which has 
taken place. From this it follows that even when a water is 
perfectly pure so far as organic matter is concerned, the 
presence of large quantities of nitrates is indicative of the 
former presence of nitrogenous organic matter, and therefore 
of " previous contamination." 

For comparison, as before, the following tables of nitrates 
in various waters, in addition to those already given, will be 
useful. The great point, however, to be observed in connec- 
tion with sewage treatment is that if the filtrate or effluent is 
well charged with nitrates, there is not much fear of the 
process coming to a sudden stop. But should these decrease 
and disappear, there is danger of putrefaction ; and in the 
case of a filter, rest must be at once given. 



River Thames, 

Nitrates and Nitrites. 
Grains per Gallon. 

Sunbury. Average —Summer 0*206 

„ „ Winter 0-258 

London Water Supply, 

Kent Company 0*401 

Filtered River Supplies. Average — Summer .... 0*128 

„ „ ,, „ "Winter 0*268 

Various Waters, 

Welsh Elvers 0*022 

Chalk well 0*370 

Deep well 0*640 

Well, 60 ft. deep 1*010 

Spring 0*028 

PoUuted weU 1*880 

Ditto 4*360 

Shallow well, 1 4 ft . deep 1*150 

l2 
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Bj comparing the results of his examinations with these 
various tables the student will easily be able to gauge the 
quality of the sample under examination, and thus arrive at 
a reliable conclusion. Many more instances might readily 
be given, but these will be ample for our present purpose. 
The question of the degree of aeration of a sample of water 
will be dealt with in the succeeding chapter. 



( 117 ) 



CHAPTER IX. 



THE ABSORPTION OF ATMOSPHEEIC OXYGEN BY WATER. 



It being establiahed that the friendly or non-puti-efactive 
organisms whicii bring about the destruction of tho effete 
matters in foul waters cannot continue their beneficent work 
unless there is a plentiful supply of oxygen dissolved in tJie 
water, it becomes necessary to ascertain the rates at which 
water will renew the oxygen abstracted from it by the life 
prooesBes of the microbes. This rate, it will he seen, is a 
measure of the degree of the rapidity with which they can 
multiply and work ; and beyond that point it will he useless 
to expect resiJfs without incurring the risk of putrefaction 
by the agency of the anaerobic organisms. Of course, if it be 
desired to bring about the desti'uction of the organic matter 
by their means instead of by the oxidising microbes, the 
oxygen dissolved in the water is a matter of no importance. 
Of late, a suggestion has been made to allow the putrefaction 
to proceed in a closed chamber in a manner similar to that of 
a cesspool. This scheme has been put into operation at 
Exeter under the direction of the city surveyor, Mr. Cameron, 
and the process will doubtless come more to the front as, 
worked as it is in combination with the coke breeze filter 
beds, it is striotly on biological hues ; and it will be for the 
future to determine whether the work is best accomplished 
by the one set of organisms or the other, In the present 
connection, however, we need not delay to further consider it, 
espeoiallj as the process has already received full attention. 
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"Water dissolves very unequal quantities of the different 
gases, and very unequal quantities of the same gas at different 
temperatures. One volume of water absorbs, at the tem- 
perature stated in the following table— which is given in 
"Fowne's Chemistry," edited by Watts, twelfth edition, 
page 148 — and under the pressure of 30 in. mercury, the 
following volimies of different gases measured at deg. Cent, 
and 30 in. pressure : — 



OeSi 


Oxygen. 


Nitrogen. 


Tr»iw.<..a« Nitrogen. Carbon 
Hydrogen. nionSide. dioxide. 


.... 


0-041 .. 


. . 0020 . . 


.. 0-019 .... 1-31 .... 1-80 


10 ..-.. 


0033 .. 


.. 0-016 .. 


.. 0019 .... 0-92 .... 1-18 


20 .... 


0-028 . . 


.. 0014 .. 


.. 0-019 .... 0-67 .... 0-90 


Beg. 
Cent. 


Chlorine. 


Hydrogen 
Sulphide. 


Sulphnrou. Hydr^oric ^,^ 


U .... 


"^ . . 


.. 4-37 .. 


.. 63-9 .... 605 .... 1180 


10 .... 


2-69 .. 


. . 3-69 . . 


.. 36-4 .... 472 .... 898 


20 .... 


2-16 .. 


.. 2-91 .. 


.. 27-3 .... 441 .... 680 


30 .... 


1-75 .. 


.. 2-33 .. 


.. 20-4 .... 412 .... 636 


40 .... 


1-37 .. 


.. 1-86 .. 


.. 15-6 .... 387 .... 444 



When the pressure increases a larger quantity of the gas 
is absorbed. Gases moderately soluble in water follow in 
their solubility the law of Henry and Dalton, according to 
which the quantity of gas dissolved is proportional to the 
pressure. At 10 deg. Cent, one volume of water absorbs 
under a pressure of one atmosphere 1*18 volume of carbon 
dioxide, measured at deg. and under a pressure of 30 in. 
mercury. The quantity of carbon dioxide dissolved under 
a pressure of two atmospheres, and measured under conditions 
precisely similar to those of the previous experiment, equals 
2*36 vols. Gases which are exceedingly soluble in water do 
not obey this law, except at higher temperatures, when the 
solubility has been already considerably diminished. 

It deserves, however, to be noticed that the pressure which 
determines the rate of absorption of a gas is by no means the 
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general preasure to which the abaorbing liquid is esposed, 
but that pressure which the gas under conHideratioii would 
exert if it were alone preseat in tho spaoe with which the 
absorbing Uquid is in contact. Thus, supposing water to be 
in contact with a mixture of one volume of carbon dioxide 
and three volumes of nitrogen, under a pressure of four 
atmospheres, the amount of carbon dioxide dissolved by the 
water will be by no means equal to that which the water 
would have absorbed, if it had been at the same pressure of 
four atmospheres in contract with pure carbon dioxide. In a 
mixture of carbon dioxide and nitrogen in the stated pro- 
portions, the carbon dioxide exercises only one-fourth, the 
nitrogea only three-fourths, of the total pressm'O of tho 
gaseous mixture=four atmospheres ; the partial pressure due 
to the oarbon dioxide is in this case one atmosphere, that due 
to the nitrogen three atmospheres; and water, though ex- 
posed to a pressure of four atmos[ihere8, cannot under these 
oircumstances absorb more oarbon dioxide than it would if it 
were in contact with pure carbon dioxide under a pressure of 
one atmosphere. 

It is necessary to bear this in mind in order to understand 
why the air which is absorbed by water out of the atmo- 
ephere differs in composition from atmospheric air. The 
latter consists very nearly of twenty-one volumes of oxygen 
and seventy-nine volumes of nitrogen. In atmospheric air 
whioh acts under a pressure of one atmosphere, the oxygen 
exerts a partial pressure of -^^g, the nitrogen a partial 
pressure of -j^/jr atmosphere. At 10 deg. Cent., one volume 
of water (see the above table) absorbs 0-033 volume of oxygen 
and O'OIS volume nitrogen, supposing these gases to act in 
the pure state under a pressure of one atmosphere. But 
under the partial pressures Just indicated, water of 10 deg. 
Cent, cannot absorb more than -fViy X 0033 = 0'007 of 
oxygen, and 7A >* "016 = 013 volume of nitrogen. In 
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0-007 X 0-13 == 0-020 volume of the gaseous mixture ab- 
sorbed by water there are consequently 0007 volume of 
oxygen, and 0*013 volume of nitrogen, or in one hundred 
volumes of the gaseous mixture, thirty-five volumes of oxygen 
and sixty-five volumes of nitrogen. The air contained at the 
common temperature in water is thus seen to be very much 
richer in oxygen than ordinary atmospheric air. This pro- 
perty of water to absorb oxygen from the air more readily 
than nitrogen has been applied to the preparation of oxygen 
for industrial use. 

Air is pressed into water by means of a force pump, and 
the gases which escape on diminishing the pressure are sub- 
jected to the same treatment eight times in succession, by 
which time nearly pure oxygen is obtained. The following 
table shows the composition of the gaseous mixture at each 
successive stage : — 

Atmoepherio Conipoidtion after Sacoeauye pressures, 

air. 12346678 

Nitrogen 79 66*7 62*5 37-6 250 15-0 9-0 6-0 2*7 

Oxygen 21 33'3 47*5 62-6 750 85*0 91*0 950 97-3 

In the course of a series of experiments on the condition of 
the water in the river Thames I instituted some tests for the 
purpose of ascertaining the rapidity with which water will 
take up oxygen from the atmosphere. In these experiments 
the conditions actually occurring in the river could not 
necessarily be reproduced ; the agitation, influence of wind, 
and varying ratio of surface to the depth being impossible 
to gauge with any degree of certainty. By the method 
adopted, however, a fairly accurate series of results was 
obtained, applicable to absolutely still water, in which the 
ratio of surface to depth was practically unity. By this 
means it was rendered certain that the results could not 
exceed those which would have been found had the whole 
of the actual circumstances been brought under control, since 



The Absorption of Atmospheric Oxygen bi/ Water. 121 

any agitation bj traffic ur wiud, or any increase in the ratio 
of Burfaoe to depth, must necessarily have increased the 
normal rate. 

The actual modus opi-raiuli was as follows : — A quantity of 




water was boiled in a flask until all the air was oxpelled. 
The flask was then sealed and allowed to cool. When oool 
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;be seal was removed and the eonteiils transferred without 
agitation to open veesclB, in whioh the water wita exposed to 

:he atmosphere for periods of lime varying from one to 
uinety-fiix Imurs. The quantity of dissolved oxygen woa 

;hen determined by the usual gasometric method, in which 

.he air is boiled out of the water in a Tocuum, and coUeoted 
over mercury and analysed in the usual way by either ex- 
ploding the oxygen with an escess of hydrogen, or by 
absorbing it with pyrogallic acid in the presence of alkali ; 
both methods being used o& a check on each other. The 
special form of air pump employed for withdrawing the 
gasee from the water, was designed by myself on the lines 
of Macleod's ap]iaratu8, and has been found to be most 
efficient for its purpose, many thousands of determinations 
having been made in the three laboratories under my charge 
by its use. 

Those who desire to use a method based on volumetric 
processes cannot do better than to employ that designed by 
Dr. Thresh, whieh I have used very largely in those cases in 
which it was desirable to make tests on the spot, and before 
the samples could undergo change. The following woodcut 
shows the apparatus employed, with the exception that 
where coal gas is available the hydrogen generator may 
The proceEs is described at length in the 



Upwards of 100 estimations were made, and from tiie 
figures thus obtained a curve was constructed, showing the 
rate of abaorj^dion for each percentage degree of aeration. 
These results are shown in the diagram. 

From this it will he seen that a water absolutely free from 
oxygen dissolved therein will absorb in one hour 10 per cent. 
of the total possible quantity which it can take at ordinary 
temperature and presstire, viz., about 1'8 cubic inches per 
gallon. In two hours it will have taken up 20 per cent. In 



1 



P-- 
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three hours the quantity of oxygen dissolved will have 
increased to 26 per cent. ; in four liours to 32 per cent. ; in 
five hours to 36 per cent. ; in six hours to 40 per cent. ; in 




seven hours to 43 per cent., and so on, until ten hours are 
required for it to absorb only one-half its total quantity, viz., 
50 per cent., the rate decreasing as the degree of saturation 
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increases, until, as it approaches saturation, it takes only a few 
tenths of a per cent, per hour. 

As showing the practical bearing of these results upon the 
water of the river Thames, we may consider their effect on 
the tidal portion of the river from Teddington to the 
Nore. The following table of the average quantity of 
dissolved oxygen at fifteen different points at and between 
these places, shows the average percentage quantity of 
oxygen dissolved in the water from July, 1893, to March, 
1894 :— 

Average peirentage Quantity of Oxygen {«atiira(ion = 100) 
Umoiied ill the Water of the Ricer Thames at 

Locality. High Water. Low Water. 

Teddington (above lock) 85 

Kew 70-3 85-6 

Hammersmith 55*7 78*8 

Battewea 42*6 67*6 

London Bridge 345 518 

Greenwich 246 37*4 

BlackwaU 22-6 343 

Woolwich 22-2 30-8 

Barking Creek 242 30-8 

CrossneflS 430 41*6 

Erith 39-4 29-1 

Greenhithe 384 26-1 

Gravesend 507 39*5 

The Mucking 836 720 

TheNoro 901 89*1 

From this table it will be seen that the average aera- 
tion at high and low water, between Teddington and 
Chiswick, is a trifle under 80 per cent, of the total possible 
quantity. 
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This decreases rapidly, reaching at its lowest point at or 
about "Woolwich, where it is only 26 per cent. From that 
point it rises again, until between Gravesend and Southend 
it is about 75 per cent., and at the Nore 9U per cent. In 
other words, the water as it flows over Teddington weir is 
well aerated, and ia able to deal with all polluting matters 
oontained in it without sufEering any material reduction in 
aeration, i.e., the rate of absorption from the atmosphere 
(actual aeration being 85 per cent.) is equal to the rate of 
consumption by the microbes in eating up the organic 
impurities. As we proceed downwards it is found that this 
process abstracts more oxygon than can be supplied at the 
former slow rate, at the higher degree of aeration ; and, 
accordingly, the degree of aeration falls, which fall is 
aooompanied by a corresponding increase in the rate of 
absorption from the atmosphere, as shown by the foregoing 
experimenta. When the rate is equal to the necessities of 
the organic impurities, the balance is once more established, 
and the aeration remains constant at the lower rate. Fui'ther 
down again, the organic impurities becoming less, both by 
previous oxidation and by dilution, the quantity of oxygen 
dissolved in the water gradually iaoreases, accompanied by a 
diminution in the rate of absorption from the atmosphere 
until the two factors are once more equal and equilibrium is 



From these observations it is evident that at Teddington, 
where the degree of aeration is 80 per cent,, the rate of 
absoi-ption of atmospheric oxygen will be 3*6 tons per 
hundred million cubic feet per day, and as the sectional 
volume of the river between that point and Ohiswick at high 
water may be taken at 2i)Q-8 million cubic feet, according 
to Professor Unwin, it follows that this reach of water 
will absorb nine tons of oxygen in twenty-four hours. 
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In like manner each section 
follows : — 



Section. 
Tedrlington to Chiswick 


Yolnme of 

water in 

million 
cubic feet. 

250-8 . . 


Bate of 
abfloiption 
tons per 100 

million 
cubic feet 

per day. 

. . 3-6 . . . . 


Chiawick to St. Paul's Pier . . . . 


678-6 . . 


.. 12-7 .... 


St. Paiil'B Pier to Deptford 


643-2 . . 


.. 21-4 .... 


Dcptford to Woolwich 


10990 .. 


.. 43-8 .... 


Woolwich to Barking 


480-3 . . . 


. 43-8 .... 


BarkinfiT to CrosRness 


898-7 .. 


. . 29-2 


CroBsnesa to £rith 


1166-0 ... 
6543-0 . . 
346950 . . . 


.. 21-9 .... 
.. 21-9 .... 
.. 6-5 .... 


Crith to Gravesend 


GrsTeflend to Southend 



of the river is tabulated as 



Tons of 

dissolYea 
by the water 
in section per 

84 hoars. 

9 

86 

138 

481 

210 

262 

263 

1432 

1898 



These considerations &how the enormous forces at work in 
purifying our streams and rivers, and constitute the real 
secret of Nature's method in effecting the destruction of 
effete matters wherever they may be. It must be obvious 
on the face of it to the meanest capacity that without some 
such operation the whole world would soon be covered to a 
considerable depth with rubbish, and life would be insup- 
portable. But by these constant processes of give and take, 
Nature restores the balance, and man, in common with all 
animal and vegetable life, continues his way, and except 
where he wilfully or ignorantly spoils his surroundings, the 
world is kept clean and wholesome. 

We have seen in the past chapters how this oxygen is 
brought into actual combination with the organic matters by 
the action of living organisms, and thus by careful considera- 
tion of that action, combined with that of the mighty 
sponge-like power of the water, the whole mystery of Nature's 
method of purification is made plain. In this we see but one 
more instance of the power of science to clear up mystery 
after mystery, and to lead us to stand in awe of the wonder- 
ful order and arrangement which has been ordained to the 



The Absorption of Atmospheric Oxygen by Water. 127 

establishment of a world so altogether admirably adapted 
not merely to maintain man, but to correct the errors and 
faults of his own blindness. A few years ago it was stoutly 
denied that rivers had the power of purifying themselves ! 
Then we knew practically nothing of Nature's method. 
Now that this has been so far revealed to us, it is declared 
with equal force that not only are effete matters rendered 
innocuous, but even disease-producing microbes are them- 
selves voraciously devoured by others of like kind, and the 
formerly much-dreaded bacteria are — and properly so — 
considered amongst the best friends of man. 
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CHAPTER X. 

SUGGESTIONS FOR SEWAGE WORKS CONDUCTED ON 

BIOLOGICAL PRINCIPLES. 

Presuming that we have one million gallons per day to 
dispose of, the following suggestions may be mapped out 
as being worth trial, both as to economy and efficiency, 
as well as durability. It will be understood that these 
suggestions are to be considered in the light of a *' general 
idea," to use a military expression, and must be modified 
to suit local conditions. In the system of continuous work 
with the open-sided filter hereafter described, it is necessary 
to have a fall of from 8 ft. to 10 ft., and therefore if that fall 
cannot be obtained naturally, pumping will have to be 
resorted to. In such cases, however, the original Sutton 
No. 1 bacteria tank, as it is termed, permits of the practice 
of biological treatment being brought into play where only 
a few feet — or even on emergency a few inches of fall is 
available, and thus the first difficulty — pumping — ^is avoided 
by the original method. 

We will suppose that we have the sewage brought to a 
point on the site of the works where there is a gentle slope of 
ground, so as to give a suitable fall by means of which the 
water may be turned on to a set of filters without pumping, 
and that the volume is about one million gallons per day. 

Let us begin by looking at the problem a little closely in 
detail. The crude sewage consists, first, of solid particles 
held in suspension, some of these being coarse and others 
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graduating in size to extremely minute fragmenta. As a 
preliminary it will be advisable to remove as many of tbe 
particles as possible by raechanical separation, by passing 
the sewage tbrough a screen having as fine a mesh as 
possible. Although much has been done in this direction — 
and doubtless the subject presents no difficulty in many 
works where the necessary labour for cleaning the soreens 
can be conveniently provided — the best and most economical 
method lias yet to be worked out. 

What is really required is straining through a self- 
cleansing mesh sufBeiently fine to collect the fibres of 
paper, &g. Various suggestions have been made, and 
doubtless the difficulty will soon be solved. For our present 
purpose I will assume that the sewage has been sufficiently 
strained, the more perfectly this being accomplished the 
nearer perfection we shall attain in our subsequent work, 
as the bacteria can more rapidly dispose of minute particles 
than of those of larger size, their action being mainly on the 
outside, or surface, of the particle, which is necessarily 
greater for a given quantity of matter as the division is 
finer. 

Having removed by straining the grosser solids, which 
may be disposed of either by burning or burying, we have 
the remainder in various grades of fineness ; and these, if 
placed upon a filter constructed in the ordinary manner with 
a stratum of fine material upon the surface, will at once form 
a layer of slimy mud, impeding the progress of the water 
into the pores of the filter, and preventing the entrance of 
air 80 necessary for the healthy life proeesses of the bacteria, 
with the result that in a short time the whole mass becomes 
putrid, and the "filter" la a failure. 

The first set of bacteria beds should, to be on the safe side, 
have a collective capacity of 160,000 cubic feet, divided into, 
say, nine partitions. These beds should bo filled with either 
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ooke, burnt ballast, or otiier suitable substance vhich lias 
been rejected by a half-inch mesh in order to exclude dust 
and small stuff, and thus lessen the ohitnce of clogging from 

th<! accumulation of sludge and the zioglea form of bacteria, 
which, by its gelatinou'* character, uiidt>r favourable condi- 
tions might develop to a sufficient extent to assist materially 
in mndering the filter water-logged. 

The best method of distributing the raw sewage over these 
beils is, iu the light of our present knowledge, by means of 
oast iron troughs of square section, laid about 1 ft. apart, and 
regulated by sorewa at the end, in order to seciire the water 
fl )wing over their sides, through file notches, regularly 
throughout their length. In order to secure each trough 
having an t'qual rate of feed, a method of regulating the 
flow of sewage into them should be employed, otherwise 
some of the troughs will he passiug more sewage than 
others. Wooden troughs have been tried at Sutton, but 
the warping action under the rays of the sun is so consider- 
able as to largely diminish their usefulness. In the original 
" bacteria tank," however, no such precautions were used, 
the sewage being run straight on to the top of the burnt 
ballast. 

In addition to this set of beds filled with coarse stuff, a 
second series of the same capacity should be constructed at 
such a level that they can be filled without pumpiog from 
the first. These should be filled with the fine coke or ballast 
passed by tlie sifting in the first instanoe, but the fine dust 
should be rejected. 

If it should be desired to obtain a still more perfect 
effluent, and thus to realise the ideal of perfection, namely, 
an approach to driukiug water, another set of filter beds of 
the same area as the foregoing may be provided in those 
cases where the levels permit, and filled with very fine breeze 
or fine sand, such as that used by the water companies. 
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Tt will be understood that I am not proposing to give 
engineering instructioua as to the moat suitable manner of 
constructing these tanks. That is not my province ; but it 
IB quite open to me to indicate the simplest method, where 
local oircumatances permit, as on a clay soil, in which ease 
all that is necessary for the construction of such a bed, or set 
of beds, is to dig into the clay to a sufficient depth, burn it, 
and return it to tlie pit, which, after being Huitably provided 
with drainage pipes, penstocks, &c., will be fully equal in 
working capacity to a similar area enclosed with the most 
ornate descriptions of masonry. In fact, as already de- 
acribed elsewhere, this method has been most usefully and 
economically followed at Sutton at my suggestion, and under 
the direction of Mr. Grreatorex, C.E., and Mr. Chambers Smith, 
O.E., at a cost of about IjOOOi'. per acre, whereas the old 
plan of building brick and concrete tanks, Ac, involved a 
far larger coat, the excess being absolutely unnecessary. 
The latest bed conBtructed on this principle at Sutton cost, 
accoi-ding to Mr. Chambers Smith, only 3d. per foot super. 

The filter beds, or rather "bacteria beds," as I prefer to 
call them, having been provided, should be charged with the 
crude sewage, which should be strained aa already described 
in the first part of the chapter. The method of this charging 
may be somewhat in the following manner : — First, the 
sewage is passed on to No. 1 bacteria bed filled with the 
coarse burnt ballast or coke. For convenience, these separate 
beds may be described aB tlie " coarse grain beds ; " and the 
second series, filled with the finer material, as the " fine grain 
beds." After No. I is filled, No. 2 is charged, and so on 
until No. 8 bed is filled, by which time No. 1 should be 
ready for a second charge. Lot it be presumed that it takes 
an average of one hour to fill a bed, two hours to rest full, 
one hour to empty, and three hoars to rest empty, we shall 
have a cycle of eight hours before the bed is ready for work 
K 2 
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again, ho that it can thus receive three charges per day, 
if necessary, without interrupting the continuity of work. 
These eight beds filled three times per day will answer for 
the daily period of twenty-four hours, the ninth division 
being reserved for rest when it is necessary to place one out 
of action. In fact, it would be a useful arrangement to 
systematically throw one tank out of action each day, thus 
giviug them all a day's rest once in nine days. 

It will of course be understood that this cycle of work will 
in most cases be subjected to considerable modification accord- 
ing to circumstances, night, flow, &c. 

Each day, or as frequently as necessary, the surface of the 
beds should be raked over to break up any deposit which 
might otherwise accumulate, and tend to diminish the access 
of the air to the interior of the bed, and so prevent the 
perfectly free drainage of the water from the porous material 
of which the filter is composed. 

The eflluent water, or "filtrate," from the coarse grain 
beds, should then be sent on to the second set, or " fijie grain 
beds," which should be treated in precisely the same way, 
and so on to the tliird set, or " sand beds," if they are pro- 
vided, when the resulting filtrate will be such as to far more 
than answer every possible requirement, and be ready for 
discharge into either ornamental waters or cleanly brook. 

It will be understood that, with proper screening and care 
in working the beds, these might be one half the area given, 
and capital results might be safely predicted. Again, if the 
depth of the tanks be doubled, the area will be reduced to one- 
half. In short, as I have repeatedly stated, each rase must 
be dealt with according to local conditions. 

As a modification of this, the original unprotected method 
adopted at Sutton, the following protected system has recently 
been put forward in competition with that and the Exeter 
" septic tank " process. In this new departure, that is, new 
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in detail but not in principle, the material of which the filter 
is composed is laid in stratified layers, commencing ^vith the 
finest at the bottom, and progressing upward in layers of less 
and less degree of fineness until the topmost are composed of 
rough material, such as that rejected by a one-inch mcah, for 
the reason that when the sewage is distributed over the 
surface of the filter in as fine a state of division as possible, 
the coarse particles will be arrested by the coarse grain of the 
filter at the top, and, iu tuccession, those nest in size by the 
various layers, until (he bottom finest-grained hiyer will keep 
back the finest partiolea in the sewage Kquid, and thus each 
section of the filter will have its own section of work to 
accomplish. 

A further advantage claimed for ihis system is that in the 
event of road drift or mineral matler of like nature tiuding 
its way on to the filter, the various sized particles will work 
their way through the filter until they meet that particular 
stratum to which, by reason of their size, they belong, and 
there being arrested, simply serve to increase the granular 
layer of their particular size, and so assist in the process of 
filtration. Even let it be assumed that no means are adopted 
for keeping out the sand, how long would it be before such 
an accumulation would take place as to render it necessary to 
re-sift the whole of the filtering material, and thus restore 
to a working condition either this filter or the original 
" bacteria tank " at Sutton ? Obviously, years, and even then 
the expense would be but trifling. As will be seen presently, 
however, the menus mo.'-t suiluble for distributing the sewage 
over the surface of the filter will also enable the sand to be 
kept out most effectually, and therefore no trouble need be 
anticipated iu this respect. 

The ordinary way to construct a filter is to build a tank 
with solid walls and a solid bottom, and the only air which 
can gain admittance is that which finds its way in through 
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the top. Suggestions have heen made to aerate a filter by 
blowing air from time to time into the bottom of the filter, 
and thus forcing it up through the bed. Such are the schemes 
of Lowcoek in England, and Waring in America. Instead 
of thus using force, the inventor lets the air find its way into 
the filter in all directions, top, bottom, and sides. 

In a filter constructed with coarse material at the top, 
graduating to fine at the bottom, a slow stream of sewage 
amounting almost to drop by drop, allowed to fall on any 
particular portion of the surface will slowly wend its way 
downwards until, if there be no obstruction, it will arrive at 
the bottom and flow away. In passing slowly from fragment 
to fragment of the filtering medium, the suspended particles 
will be left behind, and also a large proportion of the foul 
matters carried in solution, the extent depending upon the 
fineness of the medium, and the rate of travel of the water. 
The organic matter so taken up by the filter, if worked con- 
tinuously, under ordinary conditions, will accumulate and 
choke the pores ; and, becoming putrescent, render the whole 
process a failure. To overcome this difficulty, it has been 
proposed to ensure a constant supply of fresh air which will 
support the life process of the bacteria, and if the rate at 
which the sewage is supplied be properly regulated, the 
inventors hope that the process of purification will continue 
indefinitely. 

In order that the air should be thus introduced, the filter 
is built with perforated walls, and from some of these perfora- 
tions air inlets are carried into the whole substance of the 
filter in all directions and at all depths. Such a filter may be 
described as answering the same object as a lung in the 
animal economy, the air being taken up by a multiplicity of 
chambers, and thus utilised to oxidise the waste organic 
matter as it passes through the thin-walled vessels which are 
pervious to the oxygen of the air as well as to the carbonic 
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acid formed and expired in our breath. In this Idea we have 
a A^'oiiderfully oloae copy of Nature's action. If successful in 
coDtinuous workiDfj such a filter will be indeed self-cleiineintf, 
because thoroughly self-aerating. When once properly ad- 
justed to take the maximum flow of sewage arriviug at the 
works, no further attention will he required beyond occa- 
sionally sweeping the feeding troughs to prevent blockage, 
and perhiips now and then the surface of the filter might he 
raked to disturb the fibrous deposit. 

The walla of the filter are constructed of ordinary agricul- 
tural drain pipes instead of bricks, and thus the vAxtA blows 
direct into the bed, having free access to the interior by the 
system of drain pipes at various depths, 

It is claimed that the rate at which the sewage can be 
treated by such a filter may be put at the present time at not 
less than one million gallons per day per acre. 

The index of efficiency will be in all cases the presence of 
nitrates in the filtrate. The preEence of nitric acid should be 
occasionally looked for, and as long as its presence is clearly 
indicated in undiminished quantity (apart from the fluctua- 
tions due to seasons) in the filtrate from any particular 
filter bed, that bed may be continued at work. As soon, 
however, as there is a perceptible tliminution in the quan- 
tity of this product of oxidation of the organic nitrogen 
in the sewage, the bed should he given a rest. Ah soon as it 
is found that the substance of the bed is clean and sweet it 
may be put to work agnin. By thus carefully watching the 
progress of the work no fear need he entertained of the 
results of the process, which must infallibly continue to work 
indefinitely. That this is so will be seen by reflecting upon 
the manner in which the manure in a garden continues to 
disappear year after year, so long as it is not put on the 
ground iu excess. For how many generations hus manure 
been placed on our borders and vegetable beds, and in our 
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market gardens, without the slightest indioation of its presence 
after u very short time P The manner of its disappearance is 
precisely the same as that which takes place in the case of 
sewage in a bacteriological " filter " bed when it is eaten up 
by the organisms ; and so long as the supply of food and air 
is regulated to thtir necessities, so long will they continue to 
effect its destruction without the slightest nuisance or evil 
effects of any kind. 

The following question has often been asked me by persons 
interested in the subject, but who have not had the oppor- 
tunity of studying it : — " How is it that the sewage matters 
are destroyed in the bacteria bed ? " and, in reply, I have 
often given the above instance of a simple example, which, 
putting the matter in the form of common knowledge, needs 
no further explanation to show that the process is founded 
upon Nature's laws, which are immutable. 
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CHAPTEE XT. 

THE PUHIFICATION OF THE THAMES. — Part I. 



There are many persons still living who remember the 
condition of the river Thames before 1835, when the Metro- 
politan Board of Works waa constituted for the express 
purpose of putting an end to the state of things that prevailed 
at that time. The history of the work which has resulted in 
effecting the great improvement which has taken place in the 
river has never yet been written in its entirety, the story 
being wrapped up in numerous official reports, and in papers 
which have been rend from time to time before various 
societies. A complete work upon the subject would involve 
such numerous extracts from these as to miike the present 
chapter bo voluminous as to be tiresome to the reader, and I 
therefore propose to indicate only in outline the chief points, 
naturally giving prominence to the method of treating the 
sewage at the two outfalls as being of more immediate 
interest to my readers. 

Of all the evils from which London suffered, the most 
manifest and the most detrimental to the health and well- 
being of the inhabitants was the extremely defective sewerage 
system, and with this the accompanying evil that all the 
filth of the vast metropolitan population was poured into the 
river in the very midst of the most populous quarters. The 
sewers were under the control of Commissioners appointed 
for the pur|)OBe by the Crown. They were originally in- 
tended to carry off oidy rain water from the streets, the open 
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ground, and the roofs of houses. But upon the compulsory 
abolition of cesspools, which was effected by the Metropolitan 
('Ommissionersof Sewers under the provisions of the Act of 
the year 1848, the sewers became the vehicle for carrying 
into the river all the excreta and waste water of the popula- 
tion. Most of the sewers, having to pass under the low 
grounds on the margin of the river, discharged their contents 
at, or about, the low-water level, and at the time of low 
water only. As the tide rose it closed the outlets, and thus 
the sewage flowing from the high grounds accumulated in 
the low-lying portions of the sewers, where it remained 
stagnant in many cases for eighteen out of the twenty-four 
hours. During this stagnation the heavier ingredients fell to 
the bottom, and from day to day accumulated in the sewers, 
besides which, in times of heavy and long-continued rain, 
and more particularly when much rain fell at the time of 
high water in the river, the closed sewers were unable to store 
the increased volume of sewage water, which thus rose 
through the house drains and flooded the basements of the 
houses. 

The mischief caused by emptying the sewers into the 
Thames in the middle of London was of course intensified by 
the circumstance of the discharge taking place at the time of 
low water only. The sewage was carried by the receding 
tide up the river to be brought back to London by the falling 
ebb tide, there to mix with each day's additional supply, the 
progress of many days' accumulation towards the sea being 
almost imperceptible except in periods of heavy flood. More- 
over, the small volume of water in the river at low water was 
quite incapable of effectually diluting and neutralising the 
otfensiveness of the vast quantity of sewage poured into it. 
Thus were the Thames and its tributaries turned into veritable 
sewers, and the broader reaches of the river as it then was, 
such as that between Westminster and Waterloo Bridges, had 
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their banks covered with aocnmulations of offensive mud, 
which was exposed at low water, and in warm weather, under 
the influence of the sun, gave forth exhalations of a most 
objectionable character. 

In consequence of this state of things, a Boyal Commission, 
appointed in 1853 to inquire into the state of the Corporation 
of the City of London, recommended the division of the 
metropolis into municipal districts, and the creation of the 
Metropolitan Board of Works as the central body, the 
members of which should be elected by the Boards or 
Councils of the several districts, including the City. This 
central body they thought should be entrusted with the 
management of public works in which all parts of the metro- 
polis had a common interest. It will be understood that 
there were many functions entrusted to this body which need 
not here be mentioned, as our express subject is that of the 
purification of the Thames, and we need not dwell on ques- 
tions of purely political aspect. 

The Metropolitan Board of Works thus created, as soon as 
possible after its formation, applied itself to the consideration 
of what was undoubtedly the most important question with 
which it had to deal, namely, the improvement of the sewerage 
system and the diversion of the sewage from the Thames as 
it flowed through London. The main objects to be attained 
were the interception (so far as practicable by gravitation) of 
the sewage, and of so much of the rainfall with it as could be 
reasonably dealt with, and its conveyance to points of dis- 
charge at some distance down the river below London ; the 
substitution of constant instead of intermittent flow in the 
sewers ; the abolition of stagnant and tide-locked sewers, 
with their cod sequent accumulation of deposited matters ; and 
the substitution of deeper and better sewers, with improved 
outfalls. 

After the usual debates amongst various authorities, which 
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are now of only historical interest, the Board proceeded with 
the construction of the present main drainage system. For 
this purpose three main intercepting sewers were constructed 
on each side of the river, and termed respectively the high- 
level, the middle-level, and the low-level sewers. The high 
and middle-level sewers on the north side of the Thames 
discharged by gravitation, but the low-level sewers discharged 
only by the aid of pumps. The three intercepting sewers 
were made to converge and unite at Abbey Mills, West Ham, 
where the contents of the low-level sewers are pumped up to 
a higher level, and the aggregate stream of sewage flows 
through the northern outfall sewer to Barking Creek, and 
then into the river by gravitation. 

On the southern side of the Thames the three intercepting 
sewers were made to imite at Deptford Creek, where the 
sewage from the low level is pimiped to the higher level, and 
the united stream flows in one channel through Woolwich to 
Crossness, where it is pumped into reservoirs, and thence 
flows into the river. The greater part of these works- was 
completed by the year 1864, in which year sewage began to 
flow into the river at Barking Creek, and in 1865 the works 
on the south side of the river at Crossness were opened by 
H.E.H. the Prince of Wales. 

The following short statistics will convey some idea of the 
magnitude of these main drainage works : — 

North Side of the Thames, 

Sewer. Length. Diameter. 

Miles. 
Northern high-level sewer 7 J from 4 ft. to 9^ ft. by 12 ft. 

Northern middle-level sewer .... 9 J from 4 J ft. by 3 ft. to 10 J ft. 

Piccadilly branches 2} 

Northern low-level sewer 8J from 6} ft. to lOj ft. 

Hackney branch 2 J 

Isle of Dogs branch 1| 

Western sewers, main line 6 J from 4 ft. by 2 ft. to 5 ft. 

Fulham branch 1-J 

Acton line 1^ 

Northern outfall sewer b\ three culverts each 9 ft. in diameter. 
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South Side of the Tlmnw-v. 



Stmthern Mgh-lavisl sower 6f from i\ ft. by 3 ft. to lOJ ft. 

Effra branohea l\ from 7 ft. to lOj ft. 

fiontham low-level sbwbp 9J from 4 ft. to two oulverta each of 7 ft. 

Bennondney branch. 2| from 5 ft. to h\ ft. 

SoQthem ontfall sGwer 7i njft. 



Pumping Btations : — Abbey Milla, eight enginoB, CroBsneBs 
four engines, Deptford four engines, Pimlioo four engines. 

The total length of the main intereepting sewers was tiius 
about 83 miles, they are capable of intercepting daily 6^! million 
cubic feet, or nearly 40i) million gallons of sewage, and the 
total cost of the works was about 4,600,000/. The average 
daily quantity of sewage discharged ia about 200 million 
gallons. 

So far all went well for a time, the river as it flowed 
through London no longer showed signs of pollution, where 
before it was a moss of stagnaut corruption, and it appeared 
for a time that the alteration in the discharge by sending it 
into the river twelve miles below London Bridge, at Cross- 
ness and Barking Creek at high water, instead of in London 
itself at low water, would effectually prevent all further cause 
of nuisance. Ten years after the opening of these works, 
however, it appeared that certain signs were not wanting that 
the river was being over-taxed, and it was seen that instead 
of the discharge being confined to the first part of the ebb- 
tide, as originally intended, it was extended over several 
hours in consequence of the increased volume of water which 
had to be dealt with, and which could not be retained in the 
storage reservoirs for a sufficient length of time, and therefore 
overflowed into the river before the time of high water. The 
result was to repeat to a large extent the experience of years 
before when the sewage ran into the river at low water, as 
part of the aewage was thus carried by the tide to the upper 
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reftuhes inBtead of being carried down into tlie larger volamp 
of water in the lower reaches, and in Lot and diy weatlier the 
full [inrifjing power of the river could not be utilised. So 
marked was the effect which was brought about by the 
incrrased number of intercepting sewers constructed from 
time to time to prevent flooding in many parts of the metropoliB 
in response to the demands of various districts, as the effect 
of previous work became more and more marked, that in 1882 
a. Itnyal Commission, with tlie late Lord Bramwell as ita 
chairman, was appointed " to inquire into and report upon 
the system under which the sewage is discharged into the 
Thames by the Metropolitan Board of Works ; whether any 
evil effects resulted therefrom ; and, in that case, what 
measures cwuld be applied for remedying and preventing the 
same." 

As a result of their inquiries the Commissioners repotted 
that the London sewage ought not to be discharged in its 
crude state into any part of the Thames; that the solid 
matters should be separated from the liquid by some process 
of deposition or precipitation, and should be applied to the 
raising of low-lying ground, or burnt, or dug into land, or 
carried away to sea. That the liquid portion of the sewage 
remaining after precipitation might, as a temporary measure, 
be then allowed to pass into the river. That tin dinchnrge 
should he fiijorounlij liinilvd to the period heiiteen high ictiter and 
hnlf-ehb of frich tide. 

In consequence of this decision, which was in accordance 
with the evidence I had the honour to submit to the Com- 
missioners, as the outcome of the results of a large number of 
experiments carried out by Sir Joseph Bozalgette, Dr. Dupn5, 
and myself, on the London sewage, for the express purpose 
of submitting them in ovideuco before the Commissioners, 
who were kind enough to hsten to my suggestions with the 
most encouraging attention, the MetropoUtan Board pro- 
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oeeded to make further trials for the purpose of ohtaining 
definite information before constructing the works on a 
Bufficientlj large scale. Aa a result of these, in January the 
Board entered into a oontracfc for the construction of the 
Northern Outfall Precipitation Works at Barking Creek at 
a oost of 406,000/, ; and followed this action by another 
contract in May, 1888, for similar works for the southern 
side at Crossness at a cost of :^09,81ti/. 

As it had heeu decided to adopt the syatem of carrying the 
solid matters precipitated from the sewage to sea, a trial 
vessel was obtained from the Barrow Shipbuilding Compauy 
in 1887 at a cost of lti,!J5;J/. This vessel was the outcome of 
oompetitive plans, and has been found to do its work in a 
most admirable manner, as also have the five additional 
vessels constructed on the same pattern, which form the pre- 
sent fleet of six steamers, each having a tonnage of 1,000 
tons; the additional five costing, however, from 24,000/. to 
20,000/. each. 

In general design these vessels may be described aa con- 
sisting of four oblong tanks, viz., two aft and twu forward, 
having a floatage space between them and the bottom of the 
vessel, with engines and twin-screws to drive them, Wlien 
the vessel is unloaded the bottom of these tanks is in. 
aljove the surface of the water, as also is the top of the sludge 
when tiie tanks are full. When the outlet valves at the 
bottom of the tanks are opened by means of scrc^ws worked 
from the de^-k, the vesael rises until the tanks are empty. 
When the valves are fully opened the whole cargo of 1,000 
tons can be discharged in about seven minutes. 

In consequence of numerous inquiries as to the plan which 
the late Metropolitan Board of Works decided upon adopting. 
and in response to a request from the Institution oE Civil 
Engineers, I submitted the outlines of the method and the 
reasons for them to that body in a paper read in Jauuaiy, 
1887. 
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In this paper I drew attention to the following points : — 

(1) Detrimental effect of an excess of chemicals. 

(2) The limited reduction of the organic matters in 

solution by chemical treatment. 

(3) The use of iron salts as an auxiliary to lime when 

necessary. 

(4) The action of bacteria in completing the process of 

purification. 

(5) The objection to filtration of crude sewage on the 

lines as then understood. 

(6) Final purification of the effluent by proper filtration 

through land. 

(7) Subsidiary treatment of effluent when necessary. 
(6) Aeration as an aid to bacterial life. 

(9) Disposal of the solids. 



CHAPTEE Xir. 



THE PURIFICATION OF THE THAMES. — Part II. 



As already mentioned, the method adopted by the Board 
was first submitted to the Hoyal Commissioners by myself in 
1884, and the following extract from tbat evidence will 
clearly indicate the position as it then stood : — 

" We found that whatever process might be used which 
could be applied in practice would have but a very slight 
effect iu removing the dissolved organic matter. Then we 
came to the ooucluaion that the only effect which might be 
expected would be the removal of the suspended matterB, and 
that we might neglect for this purpose the whole of the dis- 
solved matters. Proceeding with our experiments we found 
that the use of four grains of lime and one grain of proto- 
sulphate of iron was saHicient practically to remove the 
whole of the suspended m:itter and the grosser part of the 
offensive odours. In fact, we were satisfied that it would do 
all that was required to be done with the Loudon sewage at 
Barking and Crossness, and that the effluent, if discharged 
into the Thames there, would certainly be hardly noticeable ; 
and by the time it was thoroughly diluted with river water 
it would be to all intents and purposes invisible ; and that all 
effect of the sewage in the river in point of appearance would 
be annihilated. The matters in solution in the sewage would 
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still be there ; but the matters in solution are those which 
are more readily oxidised by the action of the river, and so 
would disappear at a much greater rate than they do at 
present." 

As will be seen from the foregoing summary of the report 
of the Commissioners, they agreed with these views, but with 
the following proviso : — " 10. But we believe that the liquid, 
so separated, would not be sufficiently free from noxious 
matters to allow of its being discharged at the present out- 
falls as a jwrmatient measure. It would require further 
purification, and this, according to the present (1884) state 
of knowl«.»dge, can only be done effectually by its application 
to land." 

This safety clause, as it may be called, is now fully met by 
the results of the experiments described in the previous 
chapter, and which can be put into practice on the whole of 
the London sewage whenever it may be deemed to be 
necessary. 

The sewage north of the Thames is delivered at the 
Nortliem Outfall by three 9 ft. sewers. After passing the 
screens it receives its proper quantity of lime, which varies 
with the strength and rate of flow of the sewage. At the 
liming station tlie lime, after being weighed as it is taken 
from the store, is placed in lcu*ge mixing trays 15 ft. in 
diameter, fitted with four revolving arms, to each of which 
a heavy rake is suspended. Sufficient water is then let into 
the tray to slake the lime. This being accomplished, more 
water is added and the mixing-arms are rotated by steam- 
power, the lime and water being thus stirred into a cream as 
dilute as possible. Water is continually admitted and the 
cream of lime flows out into a channel leading to the lime- 
water tanks, where it meets a large access of water, and is 
thereby diluted and carried into the tanks, six in number, 
each having a capacity of about 100,000 gallons. The 
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mixture of the lime and water is further facilitated hy the 
fall from the trough into the tank, and thus the whole hulk 
is kept in agitation until the tank is full. The lime-water 
so ohtained is forced by centrifugal pumps to an overhead 
tank placed on the top of the hoiler-houae and lime-store, 
whence it is drawn off as required. At first, the lime-water 
was made with crude sewage and the top liquor drawn from 
the sludge-settling channels, tut the extent to which the 
lime is destroyed ty these was so great that they have been 
replaced at Crossness by river water. 

After receiving the lime, which at Crossness is entirely in 
solution, as originally intended, the sewage passes the iron- 
water station where the solution of iron sulphate is added. 
No special mixing arrangement is applied, as the rolling 
motion of the sewage as it passes along the sewer is found 
to answer the purpose. The iron salt is dissolved in a tank 
of water heated by a steam ooi!, and the concentrated 
solution thus obtained is sufficiently diluted and passed 
direct into the sewer containing the already limed sewage. 
The precipitation effected by the combined action of the 
lime and iron is completed in thirteen precipitation chan- 
nels. 

The method of discharging the sludge from the precipita- 
tion channels to the sludge-settling channels is by sweeping 
the deposit obtained from the action of precipitation through 
culverts lending under the main aewer to the reeeiving- 
obamber at the engine-house, whence it ia pumped into the 
flettling channels. On its way to these, the sludge is again 
passed through gratings to collect rags, &c., which may hare 
escaped the first filth-gratings. The quantity of solid matter 
extracted hy the combined action of the double set of gratings 
is between 80 and 100 tons per week. A destructor furnace 
is built close to the filth hoist, or first set of gratings, and is 
used for calcination of the refuse. 
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The following are the results of an analysis of a sample of 
this refuse : — 



Analym of Filth from Oratings at the Northern OutfalL 

Percent. 

Moisture » 77*2 

Wood 10 

Ck)ar8e string and fibre 0*7 

Coarse rag^ 0*4 

Fine rag^ PulP) &c ^ 16*6 

Very fine fibrous matters, sand, earthy matter, \ 
&c., containing volatile orgpanic matter, of [ 61*5' 

which one-fiftieth is nitrog^en / 

Phosphoric acid 2*6^ 4*1 

Sand, earthy matter, &c 42*2 

Moisture 3*7. 

100*0 100*0 

The amount of nitrogen in the fine fibrous and earthy 
matter is only 0041 per cent, and of phosphoric acid 0*11 
per cent, of the whole. While, therefore, its manurial value 
is but slight, it would appear to be well suited, from its fibrous 
nature, for making coarse paper ; and experiments on a work- 
ing scale are in progress with the view of ascertaining its 
adaptability for that purpose. 

After the sludge has settled and the top water has been 
drawn off by means of sliding penstocks, the sludge is let into 
the storage tanks under the settling channels, whence it is 
forced by direct-acting pumps to the ships. Formerly the 
water drawn from the settled sludge was pumped to the liming 
station, but alterations have been made which enable this 
liquor to be separately treated with lime and iron, and after 
such treatment to settle in the sewage-precipitation channels. 

The sewage of London south of the Thames is carried by an 
1 1 ft. 6 in. sewer to Crossness. As the whole of the sewage was 
already screened, it was not necessary to erect an additional 
filth hoist as at the Northern Outfall works, except on a 
small scale for the sludge. The liming station is admirably 
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Buited to the requirementB of the works, practically the whole 
of the lime being in solufion before its addition to the 
sewage. The liioe mixers at Crossness are similar to tliose at 
the Northern Outfall, and are 12 ft. in diameter. The 
charge of lime varies between 1 ton and I j ton, fo meet the 
flow of sewage. The lime, having been formed into a cream, 
is discharged from the mixers into a culvert, where it nieela 
with river water pumped for that purpose, and then tlirough 
a series of tanks, sis in number, each of a capacity of about 
40,000 gallons. In two of these tanks a pair of G-abhott 
stirrers, 12 ft. in diameter, are fixed. The lime-water passes 
first through one of the end tanks and thence over weirs into 
four others snccessively, into the lime-water culvert. The 
quantity of river water pumped for this purpose is between 
2,500,000 gallons and 4,000,000 gallons daily. The quan- 
tity of commercial lime taken for making the lime-water is 
about 110 grains per gallon, of which, on an average, about 
70 per cent, is in solution. It will be noticed that it is 
necessary to employ an excess of lime to allow for the hard 
core, and the neutralisation of a portion of the lirae by the 
carbonic acid in the river water employed for its slaking and 
solution. The iron water is made at Crossnees by the simple 
agitation of the iTystak of iron salt with water in an ordinary 
mixing mill from which the rollers are removed, stirring 
arms being substituted in their place, the effect being equally 
eflicacious with that of the steam-coil at the Northern Outfall 
works. The precipitation- channels at Crossness are not fitted 
with the telescope weirs for the purpose of emptying the 
channeh", but with the ordinary floating arms, tlie bulk of the 
effluent, however, falling over the weirs as at Barking Creek, 
In other respects these channels are almost identical. In 
consequence of the more effective arrangemeuta for making 
lime water at Crossness, the results have been much more 
satisfactory than those at Barking Creek. The method of 
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oollecting tho sludge, settling it, and loading the ebipa is 
identical -with tliat at the Northern Outfall works. 

The fleet of vessels, each capahle of carrying about 1,000 
tons, employed for the purpose, carried to sea during the 
year 1894, 2,05'.^ cargoes of sludge, of which quantity 1,380 
cargoeB, oontaining 90-7 per cent, of moisture, were conveyed 
from the Northern Outfall, and 724 cargoes, containing 91-25 
per cent, of moisture from the Southern Outfall, The dis- 
charge takes place in the Barrow Deep, commencing at a 
point ten miles east of the Noro, and proceeding thence from 
five miles to t«u miles down that channel, which is unused 
for tralEc, being about half way between the Swin Channel, 
or route for vessels proceeding north, and the Princes Channel, 
which is the ordinary route for vessels going south. As the 
sludge is discharged from the bottom of the vessel, some 10 ft. 
under wafer, and is thus agitated with the sea water by the 
action of the twin-screws, thi? dilfusion of the sludge in the 
waf«r in the wake of the vessel is very complete, so much so 
that when there is but a slight ripple, the visible effect of the 
sludge is lost after a few minutes. The sand and earthy 
matters soon separate by subsidence, and the animal and 
vegetable t/S/in is rapidly consumed by the organic life in 
the sea water. This is evidenced by the fact that, although 
about 10,000,000 tons of sludge have now been deposited 
in this part of the estuary, the moat careful microscopical 
examination and chemical analysis fail to detect more than 
the merest trace of the mineral portion of the sludge, either 
in dredgings from the bottom of the channels or on the 
surface of the sandbanks, Aihich are now as clean as in 1888, 
before more than a few trial cargoes had been discharged. 
The cost of this operation has been found to work out to 
about 4^il. per ton of sludge. 

Chat-ackr of Seicnge and Effiuetii. — The effect of the general 
desire to lessen the pollution of the Thames by refuse from 
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manufactories has been largely to increase the quantity of 
foul matters received at the outfalls, and this has neeessitated 
careful watching. In almost every case, however, it hns heen 
satisfactory to find that such increases in the pollutive matters 
have been fully met by the treatment adopted. The average 
character of the sewage before and after treatment is set out 
in Table I., Appendix I., showing the monthly averages of 
the daily analyses of samples taken every two hours, day and 
nigbt, at each outfall, duiing the year 1894. These include 
storm water, which increases the average amount of suspended 
matters left in the efHuent, as in many instances the qi;antity 
found in the dry weather sewage is coDsiderably lower. It 
will be seen that at Crossnes?, in consequence of the better 
solution of the lime water, there is a material reduction of 
the matters held in solution, the o.\ygen absorbed from per- 
manganate iu four hours being reduced from 3-7 to 3'1 grains 
per gallon, or 17 per cent., a result which agrees closely with 
the preliminary laboratory experiments. 

At the Northern Outfall, the results are not so good. By 
analyses it is shown that the average quantity of suspended 
matters in the sewage at the Southern Outfall was 31'5 grains 
per gallon, and at the Northern Outfall 29-B grains per 
gallon ; results which agree very closely with the quantities 
determined in 1883, and given in evidence before Lord 
Bramwell's Commission, with the exception that the former 
is now somewhat stronger than at that date. The average 
reflults then found over a period of three mouths were, 
Southern 26'26 grains per gallon; Northern 291 grains per 
gallon. Having regard to all the circumstances, it would 
probably be difficult to obtain a closer agreement, especially 
when it is considered that the actual quantity of sludge 
obtained as measured in the sludge stores, after correction for 
quantity and effect of the chemicals used, moisture and 
matters left in the effluent, agrees with the above results 
within a fraction of a grain. 
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Cost. — ^In a report to the late Metropolitan Board of 
Works on the 24th November, 1884, by Sir Joseph Bazalgette 
and myself, an estimate for the precipitation of 1 62,500,000 
gallons of sewage at the present outfalls was submitted as 
follows : — 

ChemioaU £22,000 

Barging to sea 37,200 

Labour and pamping 26,300 

£86,500 

10 per cent, oontingencies 8,500 

If efflaent is treated with abont four tons of mang^ate ) ^ ^^^ 
per day for three months in the jear ] ' 

£100,000 
First outlay (estimated) £1,140,000, including £131,000 for barges. 

The manganate has not been foimd essential, as was 
originally suggested, and was provided for only as a 
safeguard. The working expenses are thus reduced to 
94,000/., which, with interest on capital at 3 per oent., 
or 34,200/., equals a total of 128,200/. per annum. 

The following are the figures actually obtained in practice 
during the year 1894 : — 

Working expenses (including chemicals, &c.), for pre- ) '^71 iio 
cipitation , ] *• ^j* ^^ 

Barging to sea , 30,212 

£101,331 
Interest on capital 25,400 

£126,731 

First outlay (capital), £932,000. 

This close approximation to the estimate of 1884, especially 
considering the diflference in the daily volume of sewage then 
taken into account, viz., 162,500,000 gallons, as against the 
volume in 1894, viz., 203,000,000 gallons, may be regarded 
as satisfactory. If the estimated working expenses, viz., 
85,600/. are increased proportionately to the volume of 
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sewage, the original estimate will be raised to 106,800/., 
as against the actual dost of 101,331/. These flgiu'es, 
coupled with the results obtained, speak for themselves as 
to the wisdom of the action of the late Board with reference 
to the question of the treatment of the sewage of London. 

It will be of interest to note that as a rate of jrf. in the 
pound produces 35,320/. per annum, the cost of working is 
less than a rate of |rf. in the pound, or, including the re- 
payment of loan and interest on capital, only a fi-action over 
Irf. in the potmd. In comparison with this result of a capital 
expenditure of 932,000/., and a working expense of only 
101,331/. per annum, it may he of interest to shortly glance 
at some of the alternative proposals which have been made 
for dealing with the sewage of London. One proposal was 
to remove the outfalls to Hole Haven, below Gravesend, at 
a first cost of 4,000,000/. sterling, there to erect the necessary 
works and precipitate as at present. This, it wiU be seen, 
■would have involved a first outlay of about 5,000,(100/. 
sterling. Another, very strongly and influentiaUy supported, 
was to expend 12,000,000/. sterling and carry the sewage to 
the Maplin Sands. Again, another authoritative opinion, 
expressly invited by the present London County Council, 
was to the effect that in the event of the present scheme 
proving unsuccessful, the next alternative would involve an 
outlay of 8,000,000/. sterling. Many other proposals for 
the chemical treatment of the sewage alone, or in combina- 
tion with extensive farming operations, have been made 
from time to time, the lowest estimate for which involved 
an annual cost of double that of the present scheme. 

It will thus he seen that on financial grounds alone the 
adoption of the system wliich I had the honour of submitting 
to Lord Bramwell's Commission in 1884 has been of vast 
benefit to the ratepayers of the metropolis ; in addition to 
which the information on the general question of sewage 
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treatment which that system has been the means of dissemi- 
nating throughout the country, hai^ enabled alterations to be 
made on large numbers of sewage works, resulting in greater 
efficiency and considerable economy, to the advancement of 
pure sanitation and the relief of the public purse. 

The improvement in the state of the river since the 
opening of the outfalls in 1890-2 has been so great that 
many observers have evinced surprise that such results could 
have been achieved by such apparently simple means. The 
secret, if secret there be, lies solely in the fact that while the 
addition to the sewage of certain purifying agents was 
evident to ordinary observation, the invisible but far more 
potent action of the bacteria already in the sewage and in 
the river water to destroy the organic matters remaining 
after chemical treatment, was not so evident; and thus, 
although I clearly indicated their action in 1887, their work 
has been overlooked by the majority who largely judge by 
external appearances. 
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CHAPTER XIII. 



VENTILATION AND DE0D0RI8ATI0N OP SEWEES. 



i 



The Tarious means for preventing as far as possible the 
formation of offensive gasea in sewera, and for disposing of 
Bueh gases when formed by ventilating the sewers, have 
received the earnest attoution of various authorities for many 
years, and have necessarily been under the constant investiga- 
tion of persons interested in the sanitary conditions of towns. 
The mere enumeration of all the schemes suggested and the 
experiments tried would occupy too much space to no advan- 
tage. Prior to the year 1830 the sewers of London were 
almost wholly ventilated by means of gully gratings in the 
gutters at the edge of the foot-pavements. These gratings 
Were at times mediums of great offence to foot passengers 
and to residents in the houses adjacent, and it became 
necessary to trap them. In the year 1849, Mr. Henry 
Atistin, the consulting engineer to the Metropolitan Com- 
missioners of Sewers, recommended that the trappings should 
only bo proceeded with aa other means of ventilation were 
provided, otherwise the aewers would be rendered dangerous, 
and Sir Joseph (then Mr.) Bazalgette was directed by the 
Commissioners to make a series of experiments as to veotila- 
ting sewers by means of shafts leading from the crown of the 
sewers to gratings in the centre of the road. These experi- 
ments showed that a reduction of the nuisance followed from 
ventilating through shafts and trapping the side gullies, and 
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consequently that method of ventilating the sewers of the 
metroj)olis was gradually adopted. 

In view of the considerable improvements brought about 
by this alteration, the system has now become almost 
universal. The change, however, did not reduce the quan- 
tity, or materially affect the nature of the gases rising from 
the sewers in the streets. In their diluted form the sewer 
emanations were far less perceptible to pedestrians and resi- 
dents than formerly, and were less liable to be injuripus to 
health ; but as they were still at times a nuisance, it appeared 
desirable either to dispose of them in some other way or to 
render them inoffensive before their discharge into the streets. 
Of the numerous schemes for effecting this object which have 
been suggested from time to time since 1850, by far the 
greater number have been found on careful examination to 
be either wholly impracticable, or quite imsuitable for a 
large system of sewers. 

Sewer gases are evolved during the decomposition of sub- 
stances passing through or deposited in the sewers ; and this 
decomposition takes place to a greater extent when the 
contents of the sewer are in a stagnant or nearly stagnant 
condition. A much less quantity of gas is evolved when the 
temperature is low and the sewage is diluted and flowing 
through the sewer freely. It is therefore of the first im- 
portance that sewers should be constructed with as good a 
fall as practicable, and should have a copious flow of water 
through them. The discharge into the sewers of specially 
offensive trade refuse or filth also gives rise to offensive gases 
in the sewers. Although to cause such a discharge is an 
offence, it is unfortunately done to a great extent, and the 
diflSculty of detecting such practices is considerable. Another 
source of special nuisance arises from the discharge, from 
manufactories and other places, of steam or hot water into 
sewers. In the metropolis this is now a legal offence. 
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The want of sufficient water carriage is one of the priooipal 
oauaea of nuisance. However offensive aewage may be when 
stagnant, it gives off little offensive efBuvinm when it is fresh 
and largely diluted with water flowing at a fair velocity. 
The extent to which it is dilated determines the degree of 
the offensiveness of the sewage itself, and swiftness of flow 
removes it before material decomposition sets in. Ample 
fluahiug ia therefore the best remedy. This conclusion raises 
the question of the eilicaoy of the " separate system " for 
sewerage in general, which is now the fashion of the day ; 
but I am by no means certain that by this method we 
avoid as many evils as we are liable to encounter by its 
adoption. 

The late Sir Joseph Bazalgett« reported in 1866 as 
follows: — "The most efficacious and moat universally 
applicable mode of preventing the escape of noxious gas is 
BO to construct the sewers that a continuous flow shall be 
kept up in thera, and to provide them witli a euifieiently 
copious supply of water, that decomposing matters T\"ithin 
them shall be diluted and instantaneously removed, and not 
allowed to settle or ferment in the sewers. Much improve- 
ment has already been effected in the ventilation of the 
London sewers by the abolition of the tide-looked and stag- 
nant sewers, and much more may yet be aocomphshed by the 
introduction of a more copious supply of water." 

The practice of flushing varies very considerably, both as to 
times and methods. In some eases the smaller sewers are 
usually flushed with water drawn from the stand pipes on the 
water companies' mains, and discharged into the sewers 
through hose, or by means of water vans. In some cases, 
however, the water is not sent at onoe into the sewers, but 
is accumulated in the shafts or side entrances, and is then 
suddeuly discharged, the sewers being effectually scoured for 
Bome distance. A still largtT head of water is sometimes 
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obtained by the use of storage tanks, from which the water 
is suddenly discharged, either by hand or automatically, and 
in many cases this is most successful. 

The escape of sewer gas is at times very perceptible at the 
upper end of branch sewers, and it is therefore necessary that 
provision (Should be made for flushing from the commence- 
ment or " dead ends " of local sewers, as in the absence of 
such flushing those sewers are in dry seasons specially liable 
to be sources of nuisance. 

In order to prevent the escape of gases from the sewers 
during flushing, provision must be made for ventilation, 
otherwise the escaping gases would be forced through the 
traps into houses at every sudden discharge into the sewers, 
and the health of the inhabitants of every household im- 
perilled. 

The conditions governing the ventilation of sewers have 
been a matter of considerable debate. Many people are of 
opinion that temperature is the only factor. On the other 
hand, Mr. Santo Crimp, who has paid considerable attention 
to the question, is strongly of opinion that the direction of 
the wind is the chief controlling factor, and he has given 
many instances in support of his contention. The advocates 
of the temperature theory contend that as the temperature of 
the air of the sewers is lower than that of the external 
atmosphere, and when no other influence is at work the 
colder atmosphere of the sewer, being heavier than the 
external air, remains in the sewers ; but when the outer air 
becomes colder, and consequently heavier than the sewer air, 
it presses down through some of the openings of the sewer 
and drives out the warmer and lighter air through other 
openings. 

For instance, in the cool of the evening in hot dry 
seasons, at which times the nuisance from ventilators is stated 
to be probably at its worst. During the autunm and winter 
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months the average temperature of the au" of sewers is warmer 
than the external atmosphere by about 7 deg, Fahr. In 
spring, the temperature is about equal ; and in summer, the 
external day temperature averages over '-i deg. warmer than 
that in the sewers. At night the temperature of all sewers, 
at all times of the year, is usually higher than the temperature 
of the external air. It will therefore be seen that throughout 
the greater part of the year, the law by which the heavier 
external air forces out by its greater weight the warmer air 
of the sewers is in operation ; and, if proper facilities are 
given, that law will ventilate the sewers. The temperature 
of the air of sewers is, however, affected locally by hot water 
and other liquids poured into them. Every such discharge 
at once raises the temperature of the air in its vicinity, and 
the sudden expansion which follows causes air to escape up 
the nearest opening. 

In liite manner, every increase in the quantity of sewage 
by the discharge from the drain into the sewer expels air 
from the sewers, and assists ventilation. In fact, every rise 
or fall in the level of the sewage either expels air from or 
draws it into the sewer ; and as the level of the sewage is 
constantly changing, this fact operates powerfully fur ven- 
tilation. 

In a system of sewers ventilation should be as constant aa 
possible in its operation ; it should effect the greatest possible 
change in the air of the sewer with the least amount of 
nuisance to the pubUc ; and it should do this automatically 
and economically. That no system of ventilation has been 
found which is entirely successful is probably due to the fact 
that the complexity of the conditions renders a perfect system 
very difficult of attainment. Of the numerous schemes that 
have been proposed, by far the greater part deal with one 
section of the subject only, and do not take into account all 
the practical considerations affecting sewers. 
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Ab an instance of this may be mentioned the proposal 
frequently niad^ that the principle adopted in the ventilation 
of mines should he applied to sewers. That system, as applied 
in mines, has proved very successful indeed, hut a practical 
knowledge of the eonditiona would show that the system is 
not appUcahl'j to sewers. Fresh air is drawn tJirough one 
downcast shaft, and travels through the various galleries and 
cuttings to an upcast shaft, through which it passes from the 
mine. The force which moves the air is either a fire in the 
upcast shaft or a fan. Such a method cannot he appUed to a 
system of sewers, because instead of the air entering at one 
point and beiug (quickly distributed throughout the system, it 
would be drawn into the sewers only through the drain 
openiugs nearest to the fan or eshaust shaft, and the remain- 
der of the sewers would receive no benefit. 

The only method of ventilating sewers that experience has 
ehown to be practicable are : — 

(a) By surface ventilation, that is to say, by shafts 
leading from the crown of the sewers to the centre 
of the road, and covered at the road level by open 
gratings. 

{h) By large separate shafts, factory chimneys, and smaller 
shafts ; in all of which fire or other heat is a motive 
power. 

(f) By pipes or shafts without heat. 

The objection to surface ventilators is rather on account of 
the gases escaping from them being more directly in evidence 
than to their beiug more dangprous to health than any otlier 
method of ventilation. Although the improvement effected 
by removing the points at which sewer gas escapes from the 
side of the footpaths to the centre of the road is very great, 
both in reducing offence and in minimising danger to health, 
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there can be no doubt that at timea the flystem is, as at 
present carried out, a serious oause of nuisance. 

The question of deodorising sewer gases before their escape 
through the ventilating shafts or surface gratings has received 
much attention from drainage authorities and others interested 
in the subieot. If, without materially interfering with the 
ventilation of the sewers, the gaaes could be readily, econo- 
mically, and efEeetually deodorised before reaching the 
exterior air, one of the greatest difficulties in eouneotion with 
the subject would bo solved. This object has been attempted 
in various ways, either by means of fire, by the agency of 
chemical substances, or, more generally, by means of charcoal. 
General experience, however, haa shown that the charcoal 
method of filtering the gaaes through cages containing char- 
coal is a failure in consequeneo of the charcoal becoming 
clogged with wet, and thereby being rendered useless. This 
system appears to be generally abandoned. 

If it be desired to adopt a chemical method of deodorising 
the sewage and thereby prevent noxious emanations, this can 
only be done in one way, viz., by aiiding a solution of 
permanganate of potash, or soda, directly to the sewage, and 
BO keeping it in a comparatively fresh condition until its 
arrival at the sewage works. The result of experience has 
been to show moat clearly that the quantity of permanganate 
required to destroy existing foul odours, and to stay the 
production of others, is exceedingly small, being only from 
one to two grains per gallon. To obtain the masimnm 
effect with the minimum expenditure it is advisable that 
the points of application should be multiplied to the greatest 
extent practicable ; and householders should be iirged to 
system atioally use this and similar oxidising disinfectants 
freely. Various expedients have been suggested for the 
purpose of accomplishing this object. One very simple 
arrangement was to fill a porous pot, such as used for electric 
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batteries, with the crystals of permanganate of potash, and 
suspend this in the special cistern supplying the lavatory, &o., 
when a slow solvent action took place by osmosis through the 
pores of the vessel, and the water in the cistern was thus kept 
charged with dissolved permanganate. Such a system, if 
universally adopted, would be of the greatest possible 
benefit. 

Some time back Mr. Harris Reeves took up the idea 
suggested by the use of manganate of soda and sulphuric 
acid for the temporary deodorisation of the London sewage 
pending the opening of the outfall precipitation works, and 
constructed a convenient arrangement of earthenware, by 
means of which a solution of manganate of soda was con- 
stantly prepared, and to this was added, as it flowed over a 
porcelain capsule, strong sulphuric acid, the action of which 
not only converted the cheap manganate of soda into the 
permanganate, but by the heat set up by the action of the 
acid, evolved vapours of permanganic acid, probably one of 
the most powerful deodorants we have. 

This system appears to have been tried at various places 
with marked success for the purpose of dealing with special 
ventilators which have been found to be a nuisance. In one 
case nine manholes were so treated at a first cost of 112/., 
and an annual working expense for manganate of soda and 
sulphuric acid of 20/., the labour beiDg performed by the 
ordinary staff without extra cost. Equally satisfactory re- 
sults appear to have been obtained elsewhere, but it is evident 
that the cost of this system is against its general adoption 
for all manholes, however suitable it may be for special 
cases. 

As the result of most careful inquiry into the whole 
question of the cleansing and ventilation of sewers by the 
Special Purposes and Sanitaiy Committee of the late Metro- 
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politan Board of Works, that Committee reported in January, 
1886, the following conelueiona and reoommendations on thie 
subject: — 

(1.) That old, defective, disused, or partially disused 
sewers should he disconueotod from the present sewerage 
system, cleansed and filled up ; and that, where necessary, 
pipes or other proper sewers shoul<l be substituted. 

(2.) That stringent measures be taken for preventing 
road sweepings passing into sewers, and for prevenfing the 
dischai'ge into sewers from manufactories and other places 
of improper substances, such as chemical refuse or trade 
filth, or of hot water or st«am, so as to be the cause of 
nuisance. 

(3.) That the most important requirement for keeping 
sewers in satisfactory condition is a supply of water sufficient 
in quantity to carry the sewage in suspension through the 



(4.) That whenever the supply of water is insufficient for 
oleansing the sewers, effectual provision for cleansiug such 
sewers should be adopted by fiushing or other means. 

(5.) That one of the most effectual methods of flushing 
would be by means of water simultaneously discharged into 
house drains, and such a simultaneous discharge would fluah 
branch sewers, then local sewers, and finally main sewers; 
that such method of flushing can be effectually carried out 
by householders flushing their house drains periodically and 
simultaneously at stated times ; that a great number of 
householders would probably be willing to co-operate with 
the Authorities in improving the condition of the sewers in 
their district in this way ; and that it is desirable that the 
several Yestries and District Boards should intimate upon 
what days and at what houi-s householders should flush their 
drainsi 

M 2 
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(6.) That provision near the heads of branch sewers for 
flushing such sewers from their commencement is to be 
desired. 

(7.) That the practice of flushing the courts, alleys, small 
streets, &c., in poor districts in summer is to be highly 
recommended as a desirable method of flushing sewers and 
improving the sanitary condition of the districts. 

(8.) That next to effectual cleansing one of the most 
important safeguards against nuisance and danger to health 
from sewers is the dilution of the gases therein by a constant 
and plentiful supply of fresh air to the sewers by means of 
effective ventilation. 

(9.) That the ventilation of sewers in the metropolis by 
means of ventilating shafts leading to gratings in the centre 
of roadways has been the cause of complaint, owing to the 
imperfect manner in which the system has been carried out, 
the ventilators being deficient both in size and numbers. 

(10.) That the surface ventilators to the recently-constructed 
sewers have ordinarily been placed at a distance of from fifty 
to sixty yards apart, with air openings in the gratings equal 
to sixty square inches; and that the number and size of 
many of the ventilators and the sewers in the metropolis 
should be increased. 

(11.) That the amount of ventilation afforded by large 
special ventilating shafts is in no way commensurate with 
their cost, and that the adoption of such shafts, with or 
without fire heat, or the connection of the sewers with factory 
shafts, can only be adopted in very exceptional circumstances. 
Where shafts with fire are used, the sewer gases should be 
allowed to pass into such shafts over as well as through the 
fires, otherwise the amount of ventilation afforded will be 
very limited. 

(12.) That pipe ventilators of large section, and constructed 
with bends, and without angles, can be used with gi*eat 
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advantage in addition to, and not in Butstitution for, aiirface 
ventilators, wherever the conBent of owners and occupiers can 
be obtained to such ventilators being affixed. 

(Ki.) That your Committee are of opinion thut the 
ventilation of the BRwers of the metropolis may be im- 
proved by altering the construction of many of the surface 
ventilators as previously recommended, and by carrying 
up large pipe ventilators at convenient points wherever 
practicable. 

(14,) That the use of charcoal or of other appliances for 
deodorising gases in sewer ventilators is undesirable, as such 
appliances do much harm by obstructing ventilation, are 
costly and troublesome, and are quite unsuitable for general 
use over a large sewerage system. 

(15.) That during the cold and wet seasons the arrange- 
ments suggested in this report for providing ventilation wiU 
be sufficient, as putrefaction proceeds slowly at low tempera- 
tures ; and when the sewage is diluted with large volumes of 
fresh water, that the foul matters pass from the sewers before 
material quantities of offensive gases are generated. 

(10) That during dry and hot weather the foregoing 
recomraendations respecting the flushing and cleansing be 
carried out aa far as practicable, especially in sewers having 
only a small flow of water. 

(17.) That in addition to these precautions, a system of 
dcodorisntion during the summer be arranged for the main 
sewers on the plan adopted by the Board during the past 
summer (by permanganate of soda) ; and that Local Boards 
be requested to adopt a similar system with local 8e^^■er8, and 
to use all their influence to induce householders to employ in 
their house-drains suitable deodorising agents during periods 
of high ttraperature and drought. 

(18.) That manufacturers and others discharging refuse 
into the sewers be compelled to so treat their waste (by such 
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process as they may deem fit, but to the Board's satisfaction) 
that it shall have no greater deoxidising powers than the 
average household sewage. 

In the course of a series of experiments on the micro- 
organisms contained in sewer air made for the Main Drainage 
Committee of the London County Council by Mr. J. Parry 
Laws, F.I.C., that gentleman came to the conclusion that 
they were not only less in number than the micro-organisms 
in fresh air in the vicinity at the same time, but that they 
were also apparently related to and derived from those of 
fresh air rather than from the sewage ; and further, that no 
evidence was forthcoming that sewage was able to give off 
micro-organisms to the air in contact with it. Inasmuch as 
these conclusions were not in harmony with generally-accepted 
views — although not published for the first time, as was 
shown by Drs. Carnelly and Haldane a few years pre- 
viously — it became of great im'portance to gain corroborative 
evidence upon the point by a study of the organisms existing 
in sewage, and to this end further investigations were carried 
out at the instance of the Committee by Mr. Parry Laws in 
conjunction with Dr. F. W. Andrews in 18^4. 

The conclusions arrived at by these gentlemen, so far as 
related to the first part of their investigations, were as 
follows: — 

CONCLUSIONS OF MESSRS. LAWS AND ANDREWS. 

If we now proceed to contrast the micro-organisms which 
we have found present in London sewage, as above described, 
with those found in the air of London sewers, and described 
in a previous report, certain striking differences become at 
once apparent. The most striking is the absence of moulds 
from sewage. Out of the many thousand colonies which 
arose in the numerous plates which were made, moulds 
occurred only seven times, and of those seven moulds one, 
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and one only, was allied to the common spedes existing in 
Hewer air. This result coincides with that obtained by Jordan 
in the sewage of Lawrence, ITass. " Moulds," he says, " are 
found rarely in the sewage and effluents." Further, the 
Bame striking result was obtained by Mr. Dibdin in a series 
of experiments lie made on the number of micro- organism 9 
in Barking sewage. In sewer air, on the contrary, moidds 
were found to be a predominating feature, forming on au 
average no lo?s than G4-33 per cent, of the total colonies. 
The proportion, however, varies according to season ; in 
winter it may be as low as 13'33 per cent., while in the 
summer months it may rise as high as 82'6 per cent, of the 
total. It is right, however, to point out that in our sewage 
experiments, agar-agar, which is a less favourable medium 
than gelatine for the growth of moulds, was employed, 
whereas in tbe estimation of the organisms present in sewer 
air gelatine was used. This, however, does not materially 
affect our results, since most moulds grow well on agar-agar 
at a temperature of 22 deg. Cent. Jordan and Dibdin, 
moreover, employed gelatine plates only. 

Bacillus colt communis was found, with one exception, in 
each sample of sewage we examined, and varied in numbers 
from 20,000 to 200,000 per cubic centimetre. In addition 
we isolated in every case many bacilli which, although in- 
distinguishable in cultural features from bacillus coli com- 
munis, nevertheless gave only one, or at most two, of the 
three characteristic chemical reactions. These bacilli in most 
instances far outnumbered the true bacillus coli communis. 
Nevertheless, neither B. coli communis nor any of its close 
allies were ever found in sewer air. Furthermore, wo have 
obtained enormous numbers of sarcina, amounting in one 
cose to over 300,000 per cubic centimetre, yet we have not 
found one siogle colony of sarcina lutea, which is so common 
in sewer air and fresh air. 
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The flora of sewage naturally embraces a very Inrg'e num- 
ber of ditfereot s]>eoiea of bartcria, but when we ermsider the 
enormous number of rai cr(>- organ iflme per eubio centimetre 
and the extreme ilegreo of dilution that it is necessary to 
employ in making eultlvations, it will be evident that we 
have probably isolated only those speoies which are present 
in comparatively large numbers. The foUowiug organisms 
are those which we have found to be present in numbers 
varying from 200,000 to 2,500,000 per cubic centimetre — 
bacillus fluorescens sterooralis, bacillus albua putidus, bacillus 
fluorescens liquefaoiens, bacillus eloacre fluorescens, bacillus 
myooides, proteus cloacinus, proteus Zenkeri, a streptococcus 
coagulating railk, staphylococcus pyogenes citreus, sarcina 
flava and its allies, and diplococcus albicans tardissimus. 
Other bacilli, which rapidly liquefy gelatine and produce a 
green fluorescence, were found in numbers varying from 
10,000 to 200,000 per cubic centimetre. 

A further difference between the bacteria of sewer air and 
those of sewage lies in the relative proportions of micrococci 
and bacilli. The bacteria of sewer air were found to con- 
sist mainly of micrococci, bacilli forming but a small propor- 
tion of the total species found. The bacilli found were B. 
Bubtilis, B. aureus, B.arboresoens, B. helvolus, B. nigrescens, 
and B. acidi lactioi. In sewage itself, however, there can be 
no doubt that bacilli preponderate over micrococci, probably 
in actual numbers, certainly in the numbers of species 
present. The large majority of those 8j;>eeie3 which we have 
been obhged to pass over were bacilli. This was less notice- 
able in the fresh sewage taken from St. Bartholomew's 
Hospital, where the large number of streptococcus colonies 
materially altered the ratio between the bacilli and mi- 
crococci ; in the sewage taken from Snow Hill and Barking 
the bacilli showed a distinct numerical preponderance. This 
result again is in harmony with that obtained by other 
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otsorverB, indeed the results we have obtained show a some- 
what smaller preponderance of hacilli over cocci than has 
been recorded by others. Jordan states that the comparative 
absence of micrococci from sewage is a striking; and highly 
remarkable circumstance. In any ea«e, the facta again come 
out in striking confirmation of the view that the organisms 
present in sewer air are not derived to any essential extent 
from the sewage, or they would show to some degree the 
same relative ratio of micrococci to bacilU. The argument 
receives also important confirmation from other conaidera- 
tiona. A large proportion of the bacteria of sewage have the 
property of very rapidly liquefying the nutrient gelatine 
used as a cultural medium — so large a proportion, indeed, as 
to make gelatine an impossible medium to employ in esti- 
mating their numbers. In sewer air, on the contrary, 
organisms rapidly hquefying gelatine were found to be 
praoti cully absent, a fact impossible to explain on the 
assumption that sewer air is able to take up bacteria from 
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Again, the number of micro-organisms existing in aewer 
air appears to be entirely dependent upon the number of 
micro-organisms existing in the fresh air at the same time 
and in the same vicinity. With the advance of the colder 
weather, and consequent rapid decrease in the number of 
mioro- organ isms in fresh air, we find a correspondiug decrease 
in the number of the micro-organisms of sewer air, although 
the temperature of the sewer air and sewage suffer but a 
comparatively slight variation. 

If the organisms existing in sewer air were derived from 
those existing in sewage, then the flora of sewer air should 
bear a very dose resemblance to the flora of sewage. When, 
however, we compare the organisms which have hitherto 
been isolated from sewer air witb those species which we 
have found to be preilomiiiuitt in sewage, it is at once evident 
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that they bear no resemblaoce whatever to one another ; 
indeed, we may go even further, and state that, so far as we 
are aware, not a single colony of any of those species which 
we have found predominant in sewage has been isolated from 
sewer air. "We consider, therefore, that the study of the 
sewage bacteria, on which we have been engaged, fully 
confirms the conclusion previously arrived at from the study 
of the micro-organisms of sewer air, viz., that there is 
no relationship between the organisms of sewer air and 
sewage. 

It is possible that some of the ill effects which have been 
erroneously ascribed to sewer air may be due to subsoil 
air derived from soil polluted by constant infiltration of 
excremental matter through a leaky drain. It is a well- 
recognised fact that subsoil air does at times gain access to 
our dwellings, either through the pressure of the wind on the 
surface of the ground, or from currents induced by v^de 
differences between the exterior and interior temperatures. 
Under such conditions it is possible that sewage may 
gradually extend through a permeable soil until its outer 
margin becomes suiBSciently dry to give off micro-organisms 
to the subsoil air. Whatever the danger arising from this 
cause may be, it would in all probability be strictly limited 
in its effect. 

Continuing their investigations on the vitality of the 
typhoid bacillus in sewage, Messrs. Laws and Andrews made, 
amongst others, the following experiment : — 

" Exjycrment V. — A tube of sewage sterilised by heat was 
inoculated with one drop of a fresh broth culture of B. 
typhosus, and incubated at 20 deg. Cent. A small quantity 
was removed on a platinum loop and transferred to gelatine 
immediately after inoculation to determine the number of 
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colonies originally present, and the process was repcEtted at 
stated intervals. The results were as follows : — 

Immediately after inoculation 225 oolonieB aroBO. 

After twenty-fonr hours 2S0 „ ,, 

,, sixty -eight hours 140 ,, ,, 

,, fi-TO days 48 „ ,, 

„ HBven. days 13 ,, ,, 

, f thirteen daya , , ,r , ^ 

"It is to be observed that the removal of so small a 
quantity of fluid as can be conveyed on a platinum loop ia 
no fair test of the total absence of living bacilli from a culture, 
and it is quite possible that the removal of larger quantities 
might have shown living bacilli to be present after thirteen 
days. Similar, or approximately similai', amounts would 
nevertheless be removed by a platinum loop on each occasion, 
so that the experiment clearly shows that although an 
attempt at growth may occur during the first twenty-four 
hours, the typhoid bacillus gradually but surely dies out in 
sewage, and is quite incapable of any active growth therein. 

" Sewage, therefore, even in the absence of the normal 
micro-organisms which it contains, is clearly an unfavourable 
luedium for the growth of the typhoid germ, whereas the 
colon bacillus can grow and multiply freely in it." 

After detailing further expeximents on the same subject 
they concluded their valuable and interesting report in the 
following terms : — 

" So far as deductions can be safely drawn from a single 
aeries of esperiments, the following conclusions seem to be 
warranted. Bacillus typhosus seems capable of sliglit multi- 
plication in sterilised sewage during the first twenty-four 
hours only, thenceforward it becomes gradually extinct. The 
presence of certain non-pathogenio organisms, commonly 
present in sewage, appears to affect its extinction. Of the 
four organisms which we tested, B. fluoresoens stercoralis 



172 Ventilation and DeodorUation of Sewers. 

alone seems to have any marked effect upon the vitality of 
B. typhosus, and this eflfeot is practically absent when other 
organisms are present at the same time. The mixture of the 
four non-pathogenic bacteria had no effect in hastening the 
extinction of B. typhosus ; indeed, the reverse appears to have 
been the case. 

"These preliminary experiments, are necessarily very in- 
complete, and afford only an indication of the probable fate 
of typhoid bacilli which gain access in a living condition to 
sewage. It seems, however, clear that sewage does not form 
a medium in which much, if any, growth is possible for them 
under natural conditions, and their death is probably only a 
matter of a few days, or at most one or two weeks. But this 
degree of resistance may, nevertheless, be sufficient to allow 
of their being carried in sewage to remote distances and of 
their being able to produce disastrous results should they 
gain access to any water supply. As our knowledge accumu- 
lates, it becomes more and more evident that water supply, 
and, as an incidental result, our milk supply, constitute the 
chief channels of infection by which typhoid fever is com- 
municated ; and this is true also of cholera, and possibly of 
other infectious diseases. It is, therefore, of the first import- 
ance to determine in an exhaustive manner how far sewage 
is a possible soil for the growth of these and other disease 
germs which admittedly gain access to it, and also to deter- 
mine what precise influence their non-pathogenic companions 
may exert on them. 

" In the conclusions to Part I. of this report we endeavoured 
to show that sewer air has no power of taking up bacteria 
from the sewage with which it is in contact. A strong argu- 
ment in favour of this view is the fact that the very organisms 
which are most abundant in sewage are precisely those which 
are absent from sewer air. In the course of previous experi- 
ments on sewer air, the nature of the organisms in some 
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1,200 litres of sewer air was carefully determined. Not 
once was Bacillus coli communis, or any of the predominant 
organisms of sewage found, though we have shown above 
that the former is present in sewage in numbers varying from 
20,000 to 200,000 per cubic centimetre. If this be so, how 
infinitely improbable becomes the existence of the typhoid 
bacillus in the air of our sewers. That sewage is a common 
medium for the dissemination of typhoid is certain ; that 
sewage-polluted soil may give up germs to subsoil air is 
possible ; but that the air of sewers themselves should play 
any part in the conveyance of typhoid fever appears to us, 
as the results of our investigations, in the highest degree 
unlikely." 
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CHAPTER XIV. 

THE FILTRATION OF POTABLE WATEE. 

The first water purifier for which protection was obtained in 
this country is that of William Walcott, who in 1675 obtained 
a patent for the " art of makeing water corrupted fit for use, 
and sea water fresh, clear, and wholesome in very large quan- 
tities, by such wayes and means as are very cheap and easy, 
and which may be done and practised with great speed and 
expedicion." Unfortunately these " wayes and means " are 
not given in the sx)ecification ; but doubtless it was a method 
of distillation. 

It is not until the year 1790 that we find mention of any 
contrivance which can claim to be regarded as a filter, when 
Johanna Ilempel patented a method of making porous vessels 
which were to be used as filters, the substances used being 
clay and sand. In tlie following year upward filtration was 
patented, the materials employed being " sand, sandy gravel, 
and broken or pulverised glass." Wood charcoal was intro- 
duced in 1802. Ten years later, in 1812, we have the first 
rudimentary idea of oxidation, when Messrs. Dickinson and 
Maudsley proposed to oxidise the organic matter by simply 
forcing a stream or streams of air tlirough the foul or tainted 
water by means of bellows or pumps. This may bo looked 
upon as the forerunner of the system adopted by Lowcoek for 
the filtration of sewage eflBuent, and Waring for that of crude 
sewage. 

In 1818, John Bennett proposed to use animal charcoal, in 
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combination with sand, gravel, and " a very fine ground 
cliarcoal of Prussian blue, made by potash," 

The extraordinary number of organic matters which were 
used by the earlier filter makers is very curious. Wood, 
leather, paper, sponge, liair-cloth, horse-hair, wool, skins of 
animals, cotton, felt, linen, &o., ia addition to the usual sand, 
gravel, shells, &c. The want of elementary knowledge is 
here eurionsly Uluetrated by the early manufacturers over- 
looking the fact that organic materials docomposa and even- 
tually render the water worse after filtration. Again, most 
of them proposed to clean the filtering materials by forcing 
the water the reverse way instead of entirely removing them 
for a good washing, ttc, This method is even at the present 
time recommended as effective. Bad, indeed, must be the 
water before filtration when euch a syalem can be adopted 
with advantage. Such filters are little better than sieves. It 
IB well known that where a new supply of filtering material 
is not obtainable the most efficacious method is to remove the 
old charcoal, Ac, well wash it, and then heat it in a closed 
vessel to a red heat, when it will be thoroughly renovated. 

The now well-known " block " filters were first introduced 
by Samuel Bagshaw in 1834, who constructed his block by 
mixing charcoal, stone, and clay, with water into a paste, 
which was then moulded to shape, dried, and heated in an 
oven or retort. 

In 1838, Matthew Heath proposed to clarify the water by 
" precipitating the heterogeneous insoluble matter by means 
of a solution of muriate of zinc." This startling process, 
however, was disclaimed later on. 

The proposition to use canvas bags in order to obtain as 
large a filtering surface as pogsiblo seems to have been a 
favourite one, and as a strainer the system is largely adopted, 
but it cannot strictly be called filtration in the ordinary sense. 

In 1852, the necessity for radical measures seems to have 
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been urgent, as in that year one gentleman proposed certain 
improvements in the method of treating water, to wit : — ^The 
water was to be first chemically treated, then distilled, again 
chemically treated, and finally filtered, no particular filter 
being mentioned. A few years later another inventor 
was determined that he would be on the safe side, so he 
constructed a filter as follows : — First, a perforated stage 
on which was laid a layer of pebbles ; then fragments of 
granite ; a piece of hair-cloth ; a bed of ground glass ; a 
second piece of hair-cloth, upon which was laid a " terro- 
metallic " bed, which contained flint, steel filings, oxalate 
of ammonium, peroxide of manganese, animal charcoal, and 
boxwood charcoal ; above this was laid another covering 
of hair- cloth, and then a perforated stage. Below this filtering 
bed, a powder, containing oxalate of ammonium, peroxide of 
manganese, and charcoal, was placed to soften hard waters. 

Amusing as it may be to read such descriptions as these in 
the light of our present knowledge, one cannot forget that 
those early pioneers served the useful purpose of indicating 
a necessity, and at the same time by their stumblings as 
surely indicating the dangers and diflSculties of the road for 
the guidance of those who follow them. 

The first scientific and practical method of treating hard 
waters especially is that of Dr. Thomas Clark, who in 1841 
patented his famous method of softening water by adding 
lime water to the hard water in sufficient quantity to absorb 
the carbonic acid which holds the carbonate of lime in solu- 
tion. As soon as the excess of acid is thus removed, the lime 
in the water, as well as that put in and now combined with 
the carbonic acid, settles to the bottom of the containing 
vessels, and in doing so carries with it practically the whole 
of the impurities in the water. 

The process is one of the most simple and beautiful,methods 
of treating water which has been brought before the public ; 
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and, although it has been adopted at certain watttrworka, as 
well aa in very numeroua faotories, tlie marvel is that the 
inhabitants of the great metropolis are deprived of its advan- 
tages by the failure of the water eompanies to carry out the 
process, which is easy, simjile, safe, and inexpensive. Wlien 
it is considered that eight penny worth of lime will soften aa 
much water as forty-seven pounds' worth of soap, in addition 
to the advantage to be derived by preventing the corrosion 
and stopping up of hot-wator pipes, boilers, &c., it becomes 
astonishing that the public should have been so patient. 

It is often claimed for filters that they will remove living 
organisms as well as the ordinary impurities. Up to a 
certain extent this is true, but by no means entirely so, 
more especially in relation to the bacteria. When we con- 
sider the conditions of the case, we shall imderstand better 
how a filter will, under suitable circumstances, allow organisms 
of various sizes to pass through, and in fact to live and 
multiply in it, with the result that after a time such a filter 
may become a perfect aquarium in itself. 

All filters are made of porous subsfanee, whether com- 
pressed into blocks or not, the medium being in small 
granular pieces having Interstices between them. These 
act very well when they deal with inert matter, but when 
the particle to be arrested is alive and swimming freely the 
case is altered. It is probabi)" drawn into the filter by the 
rush of water, or swims in and finds itself wandering about 
in what are comparatively large caverns. It swims ou and 
on, turning and twisting about tmtil it emerges at the outlet 
of the filter, and is at large in the filtered water. This is 
more specially so in the case of those filters oonstnicted of 
coarse granular substances, and it is obWous that the finer 
the material the smaller will be the organism that can pass. 
But this is supposing the case of a free swimming organism. 
]jet uB consider what wUl happen with a bacterium growing 
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in chains, &o. The pores of the filter may be too small 
even for this minute body to pass freely. Very well, the 
bacterium will quietly settle against the side of the filter 
or on its exposed part, wherever that may be, and begin to 
grow. As it grows by thrusting out shoot after shoot, some 
of these will penetrate the infinitely minute pores of the 
filter, like the roots of ivy on a brick wall ; and in time it 
will actually penetrate the filter, and the descendants of the 
original parent who was blocked, will take possession of the 
filter, '^ fore and aft," as a sailor would say. This considera- 
tion points out the fallacy of the supposition that such a 
filter can be cleaned by running the water backward. 

So far our remarks apply to ordinary household filtration. 
It will now be of interest to turn to the filtration of water 
on a large scale, for public supplies. The following table 
indicates the character of the filter beds employed by the 
London water compaoies, for filtering the water taken from 
the rivers Thames and Lea. 

Maximinn Depth of Sand and other Materials Used in the Filters 
of the London Water Companies. Extracted from the Report 
of the Watei^ Fxami?2er, General A. de C. Scotty for the 
Month of Novembery 1896. 

Chelsea. 

Sand, ftc. ft. in. 

Thames sand 4 6 

Shells, &o 3 

Gravel 3 3 

Total 8 

East London. 

Sand 2 

Hoggin 6 

Coarse gravel 1 

Total 3 6 

Lambeth. 

Thames sand 3 

Shells, &c 1 

Coarse gravel 3 

Total 7 
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Chrand Junction. 

Old pattern — 

ft. in. 
Harwich sand • • 2 6 

Hoggin 6 

Fine gravel 9 

Coarse gravel 9 

Boulders • 1 

Total 6 6 

New pattern — 

Sand 2 

Gravel 6 

Drains 3 

Total 2 9 

New River. 

Sand 2 3 

Gravel 3 4 

Increasing in coarseness towards bottom. 

Total 6 7 

Sotithwark and VaiixhalL 

Harwich sand 3 

Hoggin 1 

Fine gravel 9 

Coarse gravel 9 

Total 6 6 

West Middlesex. 

Harwich sand 1 9 

Barnes sand 1 

Gravel 1 

Screened to different sizes and arranged in layers. 

Total 3 9 

Subsiding and Storage Reservoirs for Unfiltered Water; Avail- 
able Capacity in Oallons per Million Gallons Supplied. 

Chelsea 12,200,000 

East London 21,600,000 

Grand Junction 3,600,000 

Lambeth 6,180,000 

New River 5,120,000 

Southwark and Vauxhall 4,300,000 

West Middlesex 5,960, 000 

n2 
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Filtering Area in Aeren^ per Million OallotiH of the Average 

Daily Supply. 

Chelsea 0*58 

EastLondon 0*64 

Grand Junction 1*13 

Lambeth 0*50 

NewRiver 0*43 

Southwark and Vaazhall 0*61 

West Middlesex 0*72 

Aretvige Bate of Filtration per Sqttare Foot per Houry Gallons. 

Chelsea 1*75 

EastLondon 1*33 

Grand Junction 1*63 

Lambeth 1*80 

NewRiver 2*26 

Southwark and Vauxhall 1*50 

West Middlesex 1*25 

From this table it will be seen that there is a considerable 
divergence in the system adopted, the total depth of filtering 
material varying from 8 ft. in the case of the Chelsea Com- 
pany, to 2 ft. 9 in. in that of the Grand Junction Company. 
In conjunction with this factor, the available capacity, in 
gallons per million supplied, of the subsiding and storage 
reservoirs for unfiltered water must be considered, as natural 
sedimentation plays no inconsiderable part in relieving the 
work to be done by a filter. The filtering area per million 
gallons, and the average rate of filtration, are also matters of 
the first moment. In considering this table, it must be 
pointed out that the New River Company avails itself 
largely of well water ; and the river Lea, above Its Intake, 
is less fouled by floods than it Is lower down the valley. 
The Southwark and Vauxhall, and the Grand Junction 
Companies, have the means, during floods, of pumping from 
the gravel beds adjoining the Thames, and this is practically 
equivalent, says General Scott, the water examiner, to an 
addition to their storage resources. Any comparison between 
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the methods of the respective companies is thus rendered 
extremely difficult, and for our present purpose unnecessary, 
it being desired to point out, from a general standpoint, the 
character of the operations adopted under most skilful advice 
and direction, for freeing the water derived from a more or 
less polluted source from impurities, whether held in solution 
or in suspension. 

The following representfl the composition, according to 
Professor Mason, of some filter lieds on the Continent and 





Berlin. 


Wnnm. 
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Fine sand 

Coarre sand 

Fine gravel 

Medium gravel.... 
Coarse gravel 

SmaU stones 


ft. In, 
1 10 
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4 4 


4 


3 2 


6 


6 



In order to remove the grosser particles held in Buspension 
in the water, the system of storing it in large reservoirs 
afEords a most valuable and in many cases essential auxiliary 
to the filtration plant. 

The process of sedimentation, as it is termed, in such 
reservoirs, not only assists in producing a clear and bright 
water by the settlement of the suspended matters, hut under 
favourable circumstances conduces to a diminution of the 
impurities actually dissolved in the water. Dr. Percy Frank- 
land has shown that, in a certain case, the number of bacteria 
present in a water before passing into a storage reservoir was 
1,437 per cubic centimetre; after storage, these were reduced 
to 318; and after storage in a second reservoir, to 177 per 
cubic centimetre. This fact is only what might be expected 
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from the Bettlemcnt of the suspended matters, as in the 
course of my own experience the number of bacteria ahoioet 
always followed the ratio of suspended particles, as will be 
seen from the following table : — 



Suspended particles. 
Oniins per gallon. 



Description of Water. 
Koot Company*s supply, 1895 00011 



»> 



New River 
West Middlesex 
Chelsea 

Grand Junction 
East London 
Lambeth 



»» 
>» 
»» 
)> 
>f 
»» 



>» 



)> 



>> 



>> 



»> 



>» 



O-OOll 
00010 
00027 
00023 
00023 
00033 
0*0056 



• t • • 



Southwark and Vauxhall ,, 

River Thames at Sonbury 0*6360 

Sewage 300000 



• • • • 



Bacteria, 
pcrc.c. 

90 

130 

130 

139 

170 

277 

294 

352 

16,061 

2,000,000 



The results in the case of the companies' waters and that 
of the Thames at Sunbury are the averages of daily exami- 
nations during twelve months, while that of the sewage is the 
mean of very numerous determinations on the London sewage. 

The following tabular statement by Dr. Percy Frankland, 
shows the character of the sands used in various places for 
water filtration. 

Analyses of Sdndm mod in Water Filtration. 



Source. 



London — 
East London Co. 



)) 



>> 



Grand Junction 



») 



>f 



»> >> ........ 

Southwark and Vauxhall 



Lambeth 
Chelsea.. 



>> 



Middlesbrough 



Effective 
size; 10 

percent. 

tlnerthan 

Milli- 

metres. 


Uni- 
formity 
coefficient. 


0-44 


1-8 


0-39 


21 


0-37 


20 


0-26 


1*9 


0-40 


3-6 


0-41 


3-7 


0-38 


3-6 


0*30 


1-8 


0-36 


2-3 


0-36 


2-4 


0-26 


1-7 


0-36 


24 


0-42 


1-6 


0-43 


1*6 



Bemwks. 



or 



[washed 
New sand never used 
Dirty sand, very old 
Same, washed by hand 
Sand from rough filter 
Old sand in final filter 
Freshly washed old sand 



n 



»» 



»» 






new 
old 






New unused sand, waished 
New extremely fine sand 
Freshly washed old sand 
Dirty sand, ordinary scraping 
Same, after washing 
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Biriningliam ., 

Reading 

Antwerp 

Hamburg 

Albma 

Berlin— 
Strolan 

Te'gel '..'..'.. 

Miigg«l . . . . 

Charlottenbnrg 

Cbenmitz 

Magdebiirg . . . . 

Bndapeet 

Ziirioli 

Hayno 

Scbiedam , 

Amstert 

Kotterdam 

Liverpool — 

^nngtoi 

Osweatry 



EBactiTe 








r^.T.. 


^S**^ 






0'29 


1-9 


0-2fl 


2-5 


022 
0-38 


2-0 

i-a 


0-39 


1-6 


0-28 


2-6 


0-31 


2-3 


0-34 


2-2 


0-30 


2'0 


0'34 


2-3 


0-32 


2'0 


0-37 


2'0 




2-8 


0'33 


1-9 


0'35 


I'7 


0-34 


1-7 


0-35 


1'7 


0-38 


1-6 


0'38 


1-5 


0-35 


1-6 


D-35 


1-8 


0'33 


20 


0-34 


20 


0'40 


2-3 


0-35 


2-1) 


0-33 


20 


0-40 


20 


0-39 


1'8 


0-20 


2'0 


0'28 


3-2 


0'30 


3'1 


019 


1'6 


0-18 


1-6 


0-31 


1-5 


0-17 


1-8 


0-34 


1-5 


0-43 


2-0 


0-32 


26 


0-43 


2-7 


0-30 


2-8 


0-31 


4-7 



Dirty Bund 

Saud bolow Burfaoe of filter 

Dirty sand 

Samis, after wsahing 

Dirty sand 

Samo, after washing 

Dirty sand 

3amc, after wasbing 

Dirty sand, another sample 

Same, after washing druraa 

Same, after nasbing Ejectors 

Dirty Band, old filters 

Same, after washing 

Washed, sand for new filters 

, md pile 
FilterNo. 8, 3in, below Burfaoe 
FiltfirNo.7. 3in.helowsurfaoe 
FilterNo .10,3in.below antf aoe 
"■ ■. nd, old filters 
Same, after washing, old filters 

Sand from filters below surface 

Dirty sand, ordinary scraping 

Dirty sand, another sample 

Dirty sand 

New sand not jet used 

Dirty sand 

Same, after washing 

Nermal new sand 

New washed Danubo sand 

Dirty sand 

Same, after wanhing 

Dune sand ancd for filtratioa 

Dune sand ased for filtration : 

dirty 
River sand ; dirty 
Dune eand 
River sand ; new 

Sand from hottom of filter 
t sand imwushed and un- 
■reened 

Washed sand which has been, 
thirty to forty years 

Dirty sand 

Same, after washing 



The eioeptionally fine sanil employed at some of the Dutch waterworks 
is pwtiaularly noteworthy. 
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As indicating the methods recommended for the g^danoe 
of water companies in Germany the following regulations, 
issued by the German Government, and which, it is under- 
stood, have been drawn up under the supervision of Dr. Koch, 
will be of interest and value : — 

(1.) In judging the quality of a filtered surface water, 
the following points should be specially observed : — {a) The 
operation of a filter is to be regarded as satisfactory when the 
filtrate contains the smallest possible number of bacteria, not 
exceeding the number which practical experience has shown 
to be attainable with good filtration at the works in question. 
In those cases where there are no previous records showing 
the possibilities of the works and the infiuence of the local 
conditions, e8i)ecially the character of the raw water, and 
until such information is obtained it is to be taken as the rule 
that a satisfactory filtration shall never yield an effluent with 
more than about 100 bacteria per cubic centimetre. (J) The 
filtrate must be as clear as possible, and in regard to colour, 
taste, temperature, and chemical composition, must be no 
worse than the raw water. 

(2.) To allow of a complete and conertant control of the 
bacterial efficiency of filtration, the filtrate from each single 
filter must be examined daily. Any sudden increase in the 
number of bacteria should cause a suspicion of some unusual 
disturbance in the filter, and should make the superintendent 
more attentive to the possible causes of it. 

(3.) Filters must be so constructed that samples of the 
effluent from any one of them can be taken at any desired 
time for bacteriological examination. 

(4.) In order to secure uniformity of method, the following 
is recommended as the standard method for bacterial exami- 
nation : — The nutrient medium consists of 10 per cent, meat 
extract gelatine with peptone, 10 cubic centimetres of which 
is used for each experiment. Two samples of the water under 
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esamination are to be takes, one of 1 cubic centimetre and 
one of I cubic centimetre. The gelatine is melted at a 
temperature of 30 deg. Cent, to 35 deg. Cent., and mixed 
■witli the water as thoroughly as possible in the teat-tube by 
tipping backwards and forwards, and is then poured upon a 
sterile glass plate. The plates are put under a bell-jar which 
stands upon a piece of blotting paper saturated with water, 
and in a room in which the temperature is about 20 deg. 
Cent. The resulting colonies are counted after forty-eight 
hours, and with the aid of a lens. If the temperature of the 
room in which the plates are kept is lower than the above, 
the development of the colonies is slower, and the counting 
must be correspondingly postponed. If the number of 
colonies in 1 cubic centimetre of the water is greater than 
about 100, the counting must be done with the help of the 
"Wolffhugel's apparatus. 

(5.) The person entrusted with the carrying out of the 
bacterial examinations must present a certificate that he 
possesses the necessary qualifications, and wherever possible 
he shall be a regular employ^ of the waterworks. 

((».) Wheu the effluent from a filter does not correspond 
with the hygienic requirements it must not be used, unless 
the cause of the unsatisfactory working has already been 
removed during the period covered by the bacterial examina- 
tions. In case a filter, for more than a very short time, 
yields a poor effluent, it is not to be used until the cause of 
the trouble is found and corrected. It is, however, recognised 
from past experience that sometimes unavoidable conditions 
(high water, &c.) render it impossible, from an engineering 
standpoint, to secure an effluent of the standard quality. In 
Bueh cases it will be necessary to use a poorer quality of 
water ; hut, at the same time, if such conditions arise as out- 
breaks of epidemics, suitable notice should be given of the 
condition of the water. 
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(7.) Every single filter must be so built that, when an 
inferior effluent results which does not conform to the 
standard, it can bo disconnected from the pure water pipes, 
and the filtrate allowed to run to waste. This wasting should 
as a rule take place, so far as the arrangement of the works 
will permit, — (1) immediately after scraping a filter; and 
(2) after replacing the sand to the original depth. The 
superintendent must himself judge, from previous experience 
acquired by the continual bacterial examinations, whether it 
is necessary to waste the water after these operations, and if 
so, how long a time will probably elapse before the water 
reaches the standard purity. 

(8.) The best sand filtration requires a liberal area of filter 
surface, allowing plenty of reserve, to secure, xmder all local 
conditions, a moderate rate of filtration adapted to the 
character of the raw water. 

(9.) Every single filter shall be independently regulated, 
and the rate of filtration, loss of head, and character of the 
effluent shall be known. Also each filter shall, by itself, be 
capable of being completely emptied, and, after scraping, of 
having filtered water introduced from below until the sand is 
filled to the surface. 

(10.) The velocity of filtration in each single filter shall be 
capable of being arranged to give the most favourable results, 
and shall be as regular as possible, quite free from sudden 
changes or interruptions. On this account reservoirs must be 
provided large enough to balance the hourly fluctuation in 
the consumption of water. 

(11.) The filters shall be so arranged that their working 
shall not be influenced by the fluctuating level of the water 
in the filtered- water reservoir or pump-well. 

(12.) The loss of head shall not be allowed to become so 
great as to cause a breaking through of the upper layer on 
the surface of the filter. The limit to which the loss of head 
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can be allowed to go without damage ia to be determined for 
eacb works by bacterial esaminations, 

(13.) Filters shall be constnieted tbroughout in such a way 
as to insure the equal action of every part of their area. 

(14.) The sides and bottoms of filters must be made water- 
fight, and special pains must be taken to avoid the danger of 
passages or loose places through which the unflltered water 
on the filter might find its way to the filtered-water channels. 
To this end special paina should be taken to make and keep 
tho ventilators for the filtered-water channels absolutely 

tight 

(15.) The thickness of the sand-layer shall be so great that 
under no circumstances shall it be reduced by scrajiing to less 
than 30 centimetres (= 12 in.), and it is desirable, so far as 
local conditions allow, to increase this mininiura limit. 
Special attention must be given to the upper layer of sand, 
which must be arranged and continually kept in the condition 
most favourable for filtration, For this reason it is desirable 
that, after a filter has been reduced iu thickness by scraping, 
and is about to be refilled, the sand below the surface, aa far 
aa it is diseoloiu'ed, should be removed before bringing on the 
new sand, 

(16.) Every city in the German Empire using sand-filtered 
water is required to make a quarterly report of its working 
results, especially of the bacterial character of the water 
before and after filtration, to the Imperial Board of Health. 

(17.) The question as to the establishment of a permanent 
inspection of public waterworks, and if so, under what con- 
ditions, will be best decided after such quarterly reports have 
been furnished over some period of time. 

It appears, from the report of the "Water Examiner for the 
metropolis, General A. de C. Scott, E.E., for the month of 
November, 189i3, that in August, 1892, the Local Government 
Board, in view o£ the prevalenoe of cholera on the Continent, 
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its possible introduction into this country, and the importance 
of the efficient filtration of the Metropolitan water supply, 
requested the particular attention of the directors of the water 
companies to the following points, viz. : — 

(1.) That every effort should be made to maintain the layer 
of sand in each filter at the greatest practicable thickness. 

(2.) That the rate of filtration should be as slow as possible, 
consistently with the supply of the required quantity of 
water. 

(3.) That the sand removed from the surface of the filters, 
with the deposit, should, if it was to be replaced in the filter, 
be completely freed from all taint of organic matter. 

It is an opinion generally held by bacteriologists who 
have studied water filtration from their own point of view 
that the longer a filter has been in use the more bacteriallj 
effective it becomes, and that the cleansing of the surface 
should be performed as seldom as possible. This opinion is 
grounded on the results of experiments. 

It is necessary to guard against the conclusion which 
might follow, that the return to the filter of dirty and imper- 
fectly washed sand is a course which is necessarily safe and 
even expedient. 

The sand removed from the surface of the fields, together 
with the mud and impurities, mostly of vegetable, but to 
some extent of animal origin, is deposited in heaps, where it 
remains for some months, so that processes of decay and 
putrefaction are set up. The net bacterial result of these pro- 
cesses is undetermined, and may be totally different from that 
which obtains on the surface of the sand under water. 

This consideration, independently of those which may be 
called sentimental, indicates the desirability of the thorough 
washing of the included sand, before its replacement on the 
filters. 

It appears from this report that insti*uctions, drawn up 
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ttree years ago by Professors FrarJtland and Dewar, with 
reference to the manner in which filtration should be carried 
out, prescribe, amongst other things, that after a filter has 
been re-charged with water an interval of rest should follow, 
during which sedimentation may take place, causing the for- 
mation of a skin or layer of slime or mud, which apparently 
constitutes the most effective portion of the filter from the 
point of view of bacterial interception. 

In the course of a paper read before the Institution of Civil 
Engineers on November 24th, 1896, Dr. Percy Frankland 
obserTed in reference to a former paper read by bira in 1886, 
06 follows : — 

" The principles then enumerated were as follows :— 

" (1.) To give the maximum period of storage for the un- 
filtered water. 

" (2.) To filter at a minimum rate. 

" (y.) To filter through a maximum depth of fine sand. 

" (4.) To frequently renew the filtering materials. 

" In reviewing the numerous investigations which have 
since been carried out on this subject, it will be shown that 
the only one of these principles which requires any modifica- 
tion, by the light of more recent research, is the last. Further 
researches appear to show that the power of arresting bacteria 
possessed by a filter-bed suffers no diminution with age, so 
that frequent scraping is not necessary for the maintenance 
of the efficiency of the individual bed. It is, however, quite 
possible that it may be of advantage for the efficiency of the 
filtration plant taken as a whole. Thus, by running a filter- 
bed over a long period of time without cleaning, its yield 
becomes diminished, and as a certain volume of water must 
he supplied daily, this may necessitate filtering through other 
beds at a disadvontageously high rate, and so obtaining a 
filtrate from the entire works inferior in bacterial quality to 
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that which would result if scraping were practised more fre- 
quently and a more uniform rate of filtration employed with 
all the beds." 

In the case of the filtration of sewage waters it has been 
definitely shown that the continuous passage of the water 
through a filter has the effect of rapidly choking the pores of 
the bed, and in consequence of the absence of an ample supply 
of air, putrefaction will soon set in, but when the water is 
applied intermittently, the filter being thoroughly drained^ 
and allowed a period of rest, the whole of the organic matter 
in the water undergoes a process similar in its ultimate effect 
to that produced by burning. The argument follows that if 
this is the case with one class of organic matter, why not 
equally so in the case of a water charged with practically 
similar organic matter, but considerably less in quantity P It 
is just at this point that further experiments are required. 
The Massachusetts experiments, although resulting in most 
valuable information, have not yet been suiEcient to demon- 
strate the point in all its bearings. In the observations of 
the Massachusetts State Board of Health, 1890, Part H., 
page 601, it is stated that : — " It is evident that the impurities 
removed from the water during those two months (November 
and December, 1887) must have been in large part retained 
by the sand. There was no indication of any burning pro- 
cess, by which the organic matter could be changed to mineral 
matter." This result, however, was changed, as on page 610 
of the same volume it is observed : — " Without knowing all 
of the conditions that are essential to nitrification, we find in 
several of the tanks what appear to be striking parallels to 
the conditions that would exist if the organic material were 
burned by fire. There must first be an accumulation of com- 
bustible material. When started, the rapidity and complete- 
ness of combustion is greatest where most material has been 
accumulated. In filter No. 8 the greatest rapidity of burning 
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was in May and June, 1888, after foiir months of acoumula- 
tion, with no nitrifioation. This was followed by two months 
of slow turning, growing more feeble, until extinguifibed in 
September. Some accumulation of material occurred in tbe 
next three months, and tbe burning again started in December, 
and continued feebly through the cold months, and, becoming 
more active in April and May, burned with greatest intensity 
in June, though with less intensity and ehorter duration than 
in the previous year, apparently for the reason that there was 
less to burn, until — the stored material being nearly exhausted 
— it burned feebly but continuously the organic matter daily 
supplied through tbe following months." 

In view of tbe light which has been thrown upon the 
question of tbe action of filters by modern bacteriology, it 
yet remains to be seen whether water filters can be so managed 
OS to give a maximum of efficiency, both as regards q^uantity 
and quality of the water filtered, without it being neceraary 
to throw them out of work for a time while the surface 
layer of accumulated dirt is removed. If intermittent 
working would, by increasing tbe supply of oxygen, enable 
the bacterial action to completely disjvose of this matter as it 
is formed, it cannot bo doubted but that both efficiency and 
economy would be secured. This point, however, is one whieli 
requires no small amount of work and patience for its thorough 
investigation. 

It cannot be overlooked that even when the greatest pos- 
sible care is exercised, there yet remains a danger from the 
accidental breakdown of the system of filtering water on a 
large scale, and as the strength of a chain is but that of its 
weakest link, it is useless to point to the satisfactory results 
obtainable when the system is working at its best. 

In order to provide against sucli contingencies, when a 
water is drawn from a polluted source, there can be but few, 
if any, better systema than that of Dr. Clark's system of 
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Boftening the water wherever possible. As will be seen in the 
next chapter, the eifeet of this sjstem is to remove practicallj 
all but the last minute traces of impurity, and thus to con- 
stitute a second line of defence in case of the breakdown of 
the filters, or one of them, in addition to yielding a supply of 
water of far greater commercial value by reason of its better 
adaptability for use in steam boilers, hot-water systems, and 
the reduced consumption of the domestic soap, which item 
alone would effect an economy more than equal to the cost of 
the system. 

Tlio failure to introduce this system in the case of the 
London water companies is one of the many puzzles of the 
day. Had they done so years ago we shoiild have heard but 
little of the necessity for schemes for obtaining water from 
distant places, as the quality supplied would have been 
entirely unobjectionable from every point of view. It is not 
yet too late, and it is to be hoped that the day is not far 
distant when this question will be finally settled by the 
respective companies adopting a system so earnestly longed 
for by the majority of those who have studied the subject. 
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CHAPTER XY. 



THE CHAEAUTER OF TH E LONDON WATER SUPPLY, 



In the course of a series of analyses which I have recently 
been called upon to make, certain new features have come to 
light which tend to throw into prominence a point of interest 
which has hitherto been to a great extent overlooked ; this is, 
that the various matters held in suBpension, in presumably 
pure waters, although small in quantity, are yet often of 
such a kind as to throw considerable light upon a sample 
of water, even after the old methods of analysis fail to 
distinguish the difference between one sample and another. 

For the purpose of a recent inquiry into the quality of the 
water supplied to London I have had the oppoitunity of 
making daUy analyses of the water of the river Thames at 
the companies' intakes, and of the filtered water supplied by 
the respective companies drawing therefi'om ; also the water 
supplied by the Kent Company, and by the two companies 
drawing their supplies from the river Lea and New Eiver. 

At first these suspended matters were examined only 
qualitatively, but it soon became appai-ent, as the work pro- 
ceeded, that the quantity was sufficient, if properly collected, 
to admit of exact determinations, and thus more particularly 
identify them with the unfiltered river water. The collection 
was therefore conducted on a much larger scale by siibcidence 
in special glass vessels; but, as abeady described, it was 
found that the recently-introduced hard fiJter papers formed 
an admh'able medium by means of which the solid particles 
eoidd be collected eacli day and treated with a dilute solution 
of bichloride of mercuiy to prevent decomposition, until their 
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microscopical examination, as well as chemical analysis. Bj 
this means not only the quality, but the exact quantity was 
estimated, and thus further light was thrown upon the muoh- 
vexed question of the analytical examination of water. A 
modification of this method, in which a specially-constructed 
micro-filter is employed, has enabled determinations of the 
relatiye quantity, in terms of volume instead of weight, of 
the suspended matters to be made on quantities of water too 
small even for an ordinary analysis. The results of this 
method are embodied in the table of analyses imder the head 
of " millimetres of suspended matter in micro-filter from one 
litre of water." 

This process was a development of that adopted for col- 
lecting the floating particles for the purposes of microscopical 
examination, and by this means ensuring the inclusion of the 
total number of such particles under one cover glass, thus 
securing greater rapidity as well as accuracy. 

Previous to this inquiry it does not appear that any such 
quantitative methods had been employed. It is clear that 
eitlier vegetable or animal substances may be quantitatively 
indicated in terms of carbon, nitrogen, ammonia, and so 
forth; but such methods of expression, though valuable 
under certain circumstances, convey but little idea of their 
relative character, or whether they are in a fresh and 
wholesome condition or in a state of putrefaction. 

The average results of daily analyses during nearly twelve 
months ending December, 1895, are given in the table on 
page 113. 

It will be noticed that the average quantities of suspended 
matters present in the Kent, West Middlesex, and New 
Eiver supplies were practically identical, namely, 0*0011, 
O'OOIO, and O'OOll grain per gallon respectively, so that the 
West Middlesex Company found it possible to so purify and 
store the water, that in this respect it bears comparison with 
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■waters -which are generally accepted, in view of their source, 
as beyond euBpioion. This quantity may therefore be looked 
upon aa that unavoidably due to rust and dust, and forma a 
standard wliereby to judge the quality of the remaining 
supplies. Taking the average quantity of suspended matter 
found during this inquiry in the water supplied by the 
Southwark, Lambetli, Chelsea, Grand Junction, and East 
London Companies as O'OOS^i grain per gallon, and deducting 
therefrom the 00011 unavoidable or rust and dust matters, 
found aa above, we have 0"0022 chemically dry grain per 
gallon as obviously avoidable suspended matters present in 
the filtered water supplied to consumers. 

How far this factor would have been increased had such 
estimation of the suspended matters been made during the 
bad season of November and December, 18'J1, it is difficult 
to judge ; but from the improvement effected in tlie coloiu" 
of the water, as well as in its analytical character, it is open 
to the assumption tJiat the suspended matters largely exceeded 
those present dui'ing 1895. 

The table on page 11-') allows the relative quantity of 
suspended matters present in the various supplies when 
determined gravimetrically and by the micro-filter, 

From this table it will be seen that there is roughly an 
indication of the quality of the suspended matter from the 
ratio of mm. in micro-filter per litre of water to grains of 
actual suspended matter per gallon ; thus the average of the 
Kent Company's water for the sis months ending November, 
1895, gave a ratio of 0'0023 grain per gallon per mm. in the 
micro-filter ; in like manner the New Eiver Company showed 
a ratio of 0'0033 ; the West Middlesex, 0-00'22; the Chelsea, 
0'0052; the East London, 0-0042; the Grand Junction, 
0-0057; the Lambeth, 0-00o2 ; and the Southwark and 
Tauxhall, 0"00-56. From this it is seen that when the water 
is purer the weight of suspended matter per unit volume is 
o2 



196 7^ Character of the London Water Supply. 

least — a fact which is evident on microscopical examination ; 
as in the purer waters only a few fibres with a little dUbris 
were generally present, in contrast with numbers of particles 
of (f^hriH and decaying organic matter, with numerous 
diatoms, &c., in the case of those waters which bear the least 
resemblance to the Kent. 

In the course of twelve months' determinations of the 
quantity of suspended matters present in the Kent Company's 
supply during 1895, 1 foimd that the average was 0*0011 grain 
per gallon. This quantity I have ascribed to unavoidable 
rust and dust, and it may be safely concluded that any sus- 
pended matter less in quantity than this amount may be 
neglected as of no importance. 

My own experience with many waters leads me to think 
that no serious notice need be taken of any quantity less than 
1 mm. per litre, equal to 0*004 grain per gallon, as shown 
above, or even a larger quantity, unless it is observed there is 
definite microscopical evidence of objectionable contamination 
and the chemical analysis shows a questionable state of things. 

The chemical examination of the character of the suspended 
matter gave very remarkable results. For the purpose of this 
comparison the dry matters obtained from the water, either 
by natural subsidence or filtration, were examined for the 
nitrogen present in combination with the organic matter. 
The average percentage quantity found is set out in the 
following table : — 

Nitrogen per cent, on Volatile Organic Matter. 

Chalk Kent 2*12 

/ Souihwark 3*44 

Lambeth 3-42 

Thames Chelsea 2*97 J 3*27 

Grand Jonction 3*66 

, West Middlesex 2*86 

New River New Biyer 2*86 

Lea East London 2*97 

Thames Intakes Sunbory 4*06 
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For comparison, the following results of the estimation of 
the quantity of nitrogen present in known samples of polluted 
mud are given : — 

Sewage mud B-20 

Known polluted rivor mud i-iO 

SuBponded matter in Thames at Sunbury 4'06 

Pore river mud from tlie Fitzro/ River, Queensland. . . . 270 

These results clearly point to the conclusion ttiat, apart from 
the question of quantity, the suspended matters present in 
three of the oompauies' filtered supplies approximat«d more 
or less nearly in character to those in the unfiltered river 
waters at the companies' inti^es. 



MICROSCOPICAL CHARACTER OF THE SUSPENDED MATTERS. 

The conclusion drawn from the eonsiderafion of the relative 
chemical character of the suspended matters in the unfiltered 
river water, compared with those in the filtered supplies, is 
home out by the results of the daily microscopical exami- 
nation of all samples collected, the average results of which 
are set out In the condensed tahle below. 
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"Objectionable" saraplea are those which contained a comparatively 
large quantity of dehrh, microBcopic eels (anguillulie), &c., docaying dibrii 
infested with baotariii, the larger infusoria, BuchaBparameoium, rotifera, &o., 
epithelium scales, &a. 
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Tliose perceotogos were tlien calculated into total quantdtieB 
of objectionable matter present oq the actual estimation of the 
weights uf suspended matters found, and are thus set out in 
column 4 of the following table: — 

Mi 



Arermw , J^^^lSTIif Oijrmii- Bititiaen in 



I'i 





1 


Kent 


(lUOll ' 


NewBiver 


O'OOll 


W«t Middlesex .. 


0-0010 


Cbebea 


0-0027 


Grand JuDctioD.... 


0'0023 


EmI London 


00023 






Southwark 


O-OOSG ' 


Intake at Sunbuiy 


0-5360 
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434,160" 1-01 



= 1 I 



h Hill " 
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90 I 0-DlS 
130 , 0-Ml 
130 I 0'07i 
139 0-OM 
170 ! 0-069 
277 j 0-060 
204 : 0-071 

362 I 0-078 

I I 

5,414 '132,049 16,0611 0-128 



1,488 

2,293 



I includci' 



• NOTK. — The Diicnwcopical eia 
matter, which in proportionately 1b 
Altered supplies ; hence the objectionable matters appear to be greater by tbo 
micraccopical examination than those eBtimated by the nitrogen, which lelatM scJely 
to orf^nio matter. 

The practically complete coincidence between the Tarious 
methods of examination — namely, the physical, as the esti- 
mation of the weight of the suspended matters may h© 
called ; the chemical and microscopical examination of their 
character ; the biological examination as to the actual number 
of bacteria present in a given sample of water ; and the 
striotly chemical examination as to the quantity of oxidisable 
organic matters dissolved in the water — is very stiiking. 



I 
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The unaltered river water contained a mass of matters of 
generally indefinite character included under the head of 
lUbrk; but, in addition to these, certain noticeable features 
were distinct, amongst which the diatomaeejB were predomi- 
nant ; entozoio worms, various dyed and uudyed textile fibres, 
suoh as wool, cotton, sdk, &c., were not infrequent, together 
with numerous infusoria and baoteria. 

The results of the examination of the filtered supplies 
indicated the frequent presence of all these substances, and in 
the majority of cases it would have been difficult for a careful 
observer to conclude from the examination of the preparation 
under the microscope whether it was drawn from the unfil- 
tered river water or from one of the filtered supplies (it being 
understood that the actual quantity of (Ubfls taken for exami- 
nation was equal in eacli ease) . Diatoms were always present, 
and not infrequently anguillula also ; but the most noticeable 
and objectionable feature was the frequent presence of frag- 
ments of matter in a state of decomposition and swarmiog 
with bacteria. The presence of such pai-tieles cannot be 
accepted as inevitable in the case of a pure water supply, as, 
if the filter-beds are properly worked, it should be impossible 
for Bueh matters to pass them, whilst if their presence be due 
to dust getting into the pure- water reservoirs, evidently greater 
care should be taken to keep them clean. That a particle of 
dust might be so introduced is not to be doubted, in view of 
the fact that on a few occasions the Kent supply was found 
to contain such matters in small quantities, but evidently 
accidentally so, as compared with their more frequent presence 
in larger quantities in the filtered river waters. 

From the results of this work, it is clear that much more 
may be learnt from the proper collection and examination of 
the suspended matters, however small, in a sample of water 
than has hitherto been supposed, and I venture to suggest 
that in future all samples of water should be so examined. 

A great point has been made in recent years of the number of 
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bacteria present ID a water, bat from the experiencecowolitained 
it would seem aa if the number of bacteria depended more upon 
the quantity of suspended matter than on any other factor. 

Considerable difFerencee have been obtained in the estima- 
tion of the number of bacteria by different observers. It 
would now feem possible that these differences are occaaonally 
due to the fact that in one sample certain particles of decay- 
ing matters may have been present, although absent in 
another — a result which would account for many hundreds, 
if not thousands, of colonies being obtained by one experiment 
and but few by another, quite apart from the known differences 
due to varying methods of procedure, temperature, &0. 

BACTBRIOLOOtCAL BXAUIHATION. 

Tlie examination of the daily samples of water for the 
number of bacteria, as determined by the number of colonies 
developed on gelatine plates, has yielded interesting results, 
and affords further evidence of the improvement effected in 
the various filtered supplies. 

The following is a condensed tabular statement of the average 
number of microbes present in the water collected from stand- 
pipes in various parts of the respective companies' districts ; — 
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In 1891-92 the followina; aien>|(e cesulte wera obtained ;— Kent, 4,795; 
Bouthwark, 4,694 ; LambetE, 4,626 ; C!hd«m, 3,091 ; Oraiid Janotdon, 2,612 ; 
Weat MiddleBBZ, 2,534; Naw Hirer, 2,299 ; £Mt Ixmdtm, 3,387; SunlnuT, 
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Having tlius reliable data for comparieon as to the baoterio- 
logioal improvement which has taken place in the quality of 
the water between the years 1892 and 1895, it will be 
interesting to glance at the still farther improvement which 
took place during the eoui-se of the latter year, and of the 
relation which exists between the quality of the intake waters 
and the filtered supply. 

It will ho noticed that the company which supphed water 
containing the largest quantity of suspended matters — viz., 
the Southwark and Yaushall — supplied an average of 3D2 
microbes per cubic centimetre of water throughout the year, 
this being the largest number of any of the companies. In 
January the monthly average was 838, which gradually 
decreased during the year to 78 in October, but, unfortunately, 
rose again to 437 in November, corresponding to the rise of 
microbes in the Sunbury river water of from 9,900 in October 
to 45,263 per cubic centimetre in November. 

The relative value of the various methods of estimating the 
organic matter in water — viz., the organic carbon and nitrogen 
or "organic elements," the albuminoid ammonia, aud the 
oxygen absorbed— has been noted in connection with the 
series of analyses under discussion. The results of twelve 
monthly averages of daily analyses made during 1892 (which 
period is selected in preference to 1895, when there was a 
break in the continuity of the analyses as regards organic 
elements and albuminoid ammonia) haa shown that the 
oxygen- absorbed method, as used by the Society of Public 
Analysts, has been found to give the most concordant factor 
all through. 



COMPARISON OK THE PRESENT LONDON SUPPLY WITH 
THE PROPOSED SUPPLY FKOM WALES. 

In order that the exact position of the present supply may 
be clearly understood, so far as regards the question of relativoj 
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quality and the extent to whiut an improvement might he 
anticipated in the event of the Welsh water being brought to 
London, the following considerations arising from the com- 
parison of the analyses of the water at present supplied to 
London with those of the Welsh waters collected by myself 
in May, 1894, will be of interest. 

In the preceding table the analytical factors in each case 
ai'e placed side by side, so that the specific differences may be 
seen at a glance. The figures representing the Welsh waters 
are averages of the samples drawn from the rivers Usk, Ebw, 
Arfon, Wye, Towj, Ithon, and Clywedog, which wore, of 
course, unfiltered. Those representing the present filtered 
river water supplied to London are averages of the Southwark, 
Lambeth, Chelsea, Grand -lunctlon. West Middlesex, and 
East London. These, however, are given in two columns, 
one for average summer quality and the second showing 
average winter quality. For comparison as a standard, the 
Kent Company's average supply is added. 

On carefully examining the results, it will he found that 
the filtered river water supplied during the six summer 
months to London contains practically identically the same 
amount of organic carbon and nitrogen as that present in the 
nnfiltered Welsh waters, viz,, 0-128 part per 100,000 against 
0'123, whilst during the six winter months it is only half as 
much again, viz., 0'199. 

The oxygen atsorbed from permanganate is a little more, 
viz., 0'057 instead of 0'048 during the summer, but only a 
little more than half as much again, viz., 0'079 grain per 
gallon during the winter. In like manner the " albuminoid 
ammonia " iu the Welsh water averages 0'033 against 0'004-J 
and 0'0055 in the respective summer and winter London 
supplies, excluding the Kent. The colour of the water when 
viewed through a 2-ft. tube was on an average even more in 
the case of the Welsh water, viz., Vi against l^O and 12 in 
the case of the London supplies. 
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From this comparison of the average results of nearlj 
3,000 analyses, it is evident that the organic impuritj of 
the unfiltered Welsh water is a little less than that in the 
average filtered London water, and the inquiry naturally 
follows as to the specific differences which exist. This is 
undoubtedly due to two things : First, the quantity of the 
i^lid matter in solution, principally salts of lime, giving the 
London water its great hardening properties ; and, secondly, 
the comparatively large quantity of fioating particles, on 
which, as has been shown, the number of microbes present 
to a great extent depends. 

The imfiltered Welsh water examined on the spot contained 
twenty-six microbes per cubic centimetre, whilst the average 
London filtered waters contained in summer 167 and in 
winter 298, the Kent supply containing ninety. Of course, 
it will be noted that these figures refer solely to the number 
and not to the character of the microbes. 

THE EFFECT OF SOFTENING THE PRESENT SUPPLY. 

The suggestion has been repeatedly made that the excessive 
quantity of lime in the London water should be removed by 
the adoption of the well-known Clarke's process, and it is 
only natural to inquire as to what would be its effect upon 
the present filtered river water, not only in removing the 
excess of carbonate of lime, and thus effecting an enormous 
improvement in the commercial value of the London water, 
but also in assisting in the process of purification. With the 
view of testing this question, certain experiments have been 
made on one of the best London waters, viz., that of the 
New Eiver Company, in order that the percentage reduction, 
if any, which might be brought about in the quantity of 
dissolved as well as undissolved impurity might be ascer- 
tained. 

The results of these, which are stated in the table given 
opposite, are perfectly definite, and show that even in the case 
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of the New Eiver supply the reduction of dissolved organic 
impurity was equal to 25 per cent., as shown by the oxygen 
absorbed, whilst 64 per cent, of the total hardness was 
removed and 87 per cent, of the bacteria, and with these 
the whole of the matters in suspension. 

On applying these results to the average analytical figures 
given below, it will be found that the "albuminoid ammonia" 
in the summer supply would fall, by the adoption of the 
process of softening, from 00045 to 00034, or identically the 
same quantity as that in the unfiltered Welsh supply, whilst 
the winter supply would be improved to the quality of the 
present summer supply; that the oxygen absorbed in four 
hours would fall from 0*057 to 0*043 in summer, and from 
0079 to 0*059 in winter, against 0*048 in the Welsh water, 
or a yearly average of only 003 grain per gallon in excess; 
that the organic carbon and nitrogen would be less in 
proportion, whilst practically the whole of the "suspended 
matters" would be removed, and with them 87 per cent, 
of the bacteria, thus reducing the summer number (apart 
from their character) of microbes from 167 to 21, and the 
winter from 298 to 38, against 26 in the Welsh water, or 
an annual average difference of + 3. In addition to these 
enormous improvements the hardness would be reduced in 
summer from 12*5 deg. to 4*4 deg., and in winter from 
17*0 deg. to G'l deg., or an annual average of 5*2 deg. 
against 3*1 deg., which was the average hardness of the 
Welsh waters as examined in May, 1894. 

It would therefore seem that, by the adoption of the system 
of softening, the present supply, in respect of its chemical 
quality and number of bacteria, would be improved to a 
degree comparable with that of the Welsh sources. 
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CHAPTER XVI. 



THE ACTION OF SOFT WATER UPON LEAD. 



The quality of disaolving lead shared by many upland 
waters, as those supplied to several of the larger towns in 
the north of England, ia a suhject that has long engaged 
attention in this and other countries ; and the cause has iif 
late years heen the suhject of anxious inquiry, especially 
■with a view to the determination of the methods which must 
be adopted to prevent lead jioisonlng. This lias heen more 
particularly the case since 1886, when abundant lead poison- 
ing waa found in Sheffield to result from the use of one of 
the moorUud supplies to that town. Since that time lead 
poisoning, also due to upland water supply, has been recog- 
nized in a number of other communities, including Bradford, 
Wakefield, Batley, lluddei-sfield, Shipley, Morley and 
Keighley, and one or other method of treatment has 
already heen adopted in all these towns except HudderB- 
fleld and Batley. In the case of the former town, it has 
beea found necessary to exclude from domestic use some 
of the more actively plumbo-solvent tributaries. 

It has been found that, whereas all waters act to some 
extent upon new lead surfaces, the diatributioa of hard 
waters llu^ugh lead pipes is not generally attended with 
risk, for the reason that a protective coating ia quickly 
formed on the lead surface exposed to the water. This pro- 
tective power is not shared by rain or distilled water, or by 
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the greater number of the very soft waters whioh are obtained 
from moorland sources; and in respect of those moorland 
waters which have an acid reaction, the ability to dissolve 
lead is always strongly marked, even to the extent of oonsti- 
tutlng a grave danger to health. These soft acid waters are 
chiefly met with where the gathering g^und is peaty, but 
since more or less water of a different character — such as 
spring water — is usually included in moorland supplies, the 
ability to attack lead possessed by the peat-derived water is 
often neutralized by qualities possessed by the spring water, 
and the mixture is free from the risk referred to. In such 
cases, however, the inability of this mixture to attack lead is 
dependent on the relative proportions of the various kinds 
of water which constitute the mixture; and inasmuch as 
these are liable to great variations due to seasonable condi- 
tions, it is found that the mixture may be at one time 
inoperative upon lead although at other times operative. 

It appears from a report of the Medical Officer of the 
Local Government Board, issued in 1895, that the action of 
water ui)on lead is of two kinds, the one leading to solution 
of the lead, the other to its erosion and deposit in a loose 
powdery form readily swept away by the current in a pipe, 
and conveyed to the consumer. 

Tlie actual cause of this solvent action is little imderstood. 
It is by some ascribed to the presence of acids derived from 
the decomposition of vegetable substances, such as exist in 
peat and moorland ground generally, and the fact that a 
slight addition of calcareous matter is sufficient to remove 
the plumbo-solvent action would appear to confirm this view. 
Such, however, could not be the reason in the case of recently 
fallen rain water or of pure distilled water, both of which 
act energetically on lead. According to Miller, the necessary 
conditions are combined action of air and pure water. In 
this case the surface of the lead becomes oxidized, and the 
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oxide is diasolvGd by the water. By the absorptioii of car- 
bonic acid hydrated carbonata of lead is formed, which is 
silky scales. The corrosion is increased by the 
3 of clilorides or nitrates, but diminished by sulphates, 
phosphates and earbonates, the oxide of lead being scarcely 
soluble in water containing these salts. 

But, although the cause of the solvent action is obscure, 
nevertheless remedial measures can generally be successfully 
employed. The removal of lead pipes from a town in which 
they already exist, and their substitution by other materials, 
is scarcely practicable ; but it baa been found that the use of 
various substances in small quantities will in most cases 
effectually remove the danger. The mixing of spring, or of 
more or less hard or calcareous, water with the moorland 
supply has been shown above to be uncertain ; and, generally, 
remedial measures are not applicable indifferently, but the 
particular remedy best adapted for a given water must be 
found by experiment, and by consideration of the local 
cir cum stances. At Sheffield and Bradford water has been 
deprived of its dangerous condition by the addition of com- 
paratively trifling amounts of chalk, increasing the hardness 
by some one and a half degrees. At Wakefield a similarly 
successful result has been attained by the use of carbonate of 
soda. In other places the desired result has been produced 
by filtration through calcareous sand. In some cases tho 
mere passage of the water through nn aqueduct of sufficient 
length will furnish enough lime to destroy the solvent action 
upon lead. The water of Loch Katrine, for instance, is 
powerfully plumbo-solvent, but loses this character entirely 
in its passage to Glasgow. 

It has been stated by some that the deposit formed in 
lead pipes by tho previous passage of hard water is an 
effectual safeguard against attack by pure soft water after- 
wards admitted ; and that, therefore, it would be quite safe 
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to furnish a moorland water supply to a town which, like 
London, has for many years had hard water passing through 
its pipes. This view, however, I believe to be erroneous, as 
the protection thus afforded is only temporary in the case of 
waters having an acid reaction. 

'' Many men, many opinions," applies to considerations 
affecting the analysis or the purification of water more parti- 
cularly, and various experts have given expression to the most 
widely divergent views on this special question of the action 
of lead on water, and the means to be employed to obviate it. 
This is, no doubt, due to our want of precise knowledge on 
the subject, and to the fact that a water examined by one 
observer is found to act strongly on lead, whilst one of 
apparently exactly similar character in all other regards, but 
from a different, although like, source, has been found by 
another observer to be quite without such action. Mere 
storage for a short time will frequently remove such power 
from a water which, when firbt collected, possessed it in a 
marked degree. It will be seen that the question is a very 
difficult one, and one in which generaHsing would appear at 
present unwise. As already stated, each ease should be dealt 
with on its merits as it arises. 
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CHAPTEE XVII. 

THE APPLICATION OF THE BIOLORICAL PROCESS TO THE 
PURIFICATION OF WASTE WATER FROM PRIVATE 
PEOPERTIES, ASYLUMS, SCHOOLS, ETC. 



The subject matter of this chapter would perhaps have been 
more appropriately introduced earlier in the work; but 
repeated applieationa having heen made for information on 
this head, compel me, at the very moment of going to press, 
to make sucli general statementA as are possible in a 
Bubject in which each ease peculiarly needs indiyidual con- 



One of the great advantages of the biological system is 
that it can he readily applied to the disposal of the refuse 
water from very small communities and collections of houses, 
Bueh as small villnges, country houses, asylums, and public 
schools. By many it has been thought that the scheme is 
only adapted for sewage works where constant attention is 
available. This attitude can oniy arise from a want of 
appreciation of the fundamental principles upon which it is 
based ; or possibly from the fact that in the earlier stages of 
the work, when speating of the proper method of applying 
it to existing sewage works, I have referred to tlie careful 
supervision which is necessary in order to provide against 
falling into the error of using the bacteria beds according to 
v2 
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the old ideas of filtration, which would inevitablj lead to 
failure. As I have repeatedly explained, the biological 
scheme is not " filtration " in the ordinarily accepted mean- 
ing of the word, the continued success of the system 
depending upon the careful observance of conditions quite 
other than those which obtain in the employment of a filter 
proper. Now that our information has been so greatly 
enlarged, we may look for residts more generally attainable 
than was thought possible a short time back. 

In connection with the application of the system to small 
properties, or individual houses, the work of Dr. Poore must 
not 1>e lost sight of. That gentleman has been working in 
the right direction for some years past, and his recent paper, 
read before the Sanitary Institute Congress, at Leeds, during 
the present year, is entirely in accordance with all that I 
have put forward on the subject. In his paper. Dr. Poore 
described how the slop-water of a house should be treated, 
and there is very little to be added to his admirable digest of 
the matter. 

l^'or the past two and a half years a bacteria bed, worked 
oil tlie lines referred to in the earlier chapters of the present 
work, has been daily treating the whole sewage from a house 
containing, on an average, from fifty to sixty persons, and at 
the time of writing this bed is still doing its work in a most 
satisfactory manner. With the exception of such coarse 
particles as are kept back by screening, the whole of the 
organic matter passes into tlie bed, and is there in greater 
part oxidised and destroyed ; and no one passing by the 
spot, and previously unaware of its existence, would have 
the least reason to suspect the presence of this bed. The 
brook into wliich the effluent is discharged is perfectly free 
from any offensive deposit or odour, and a little lower down 
the water is drunk by cattle without any complaint having 
been made on the subject by the farmer. 
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It is dainied for certain proceaees that they will work 
successfully for an indefinite period without any attentiou 
whatever, but I have not yet seen one which is left to run 
alone, for aay a year, without beiug watched. What will 
happen in the future in the ease of these " self-acting " 
schemes remains to he Eeen. It wiU he understood that I do 
not here refer to automatic arrangements intended to 
minimise the labour and watching required, such as that 
already referred to as devised by Mr. Cameron. A reduction 
iu the number of persons engaged in watching and attending 
to the various parts is, of course, always desirable ; but this 
is a very different thing from leaving an installation to work 
itself entirely. It is not a little remarkable that, although 
the public have now been given a process which will solve 
their difficulties at comparatively a very plight cost, they 
still ask for something which will give them equally good 
results without either cost or trouble. The argument that a 
proeeBB which is more or less dependent upon human super- 
vision is foredoomed to failure is, to my mind, bad from its 
foundation. How many processes are there in daOy opera- 
tion which we do not hesitate to employ, although our very 
lives depend upon the due exercise of such human care and 
supervision ? Who would refuse to travel by train because 
the engine is coufroUed by a driver, or the signals are not 
automatic ? If in such matters we do not hesitate to place our- 
selves in the hands of our fellows, why need we be so ansious 
to procure an automatic process for the purification of waste 
water, merely to save the small expense attending its 
proper control, and on the ground that man is a fallible 
creature. 

It will readily be seen that in dealing with the sewage of 
small communities, I have no method to propose which will 
work without some supervision ; but it has been reduced to a 
minimum and requires no skill for its execution, but merely 
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au ordiuary sense of duty, and the mtelligencc which may 
he found in the average farm lahourer. 

In arranging a hacteria bed in which the sewage of a 
village, or small collection of persons, is to be disposed of, 
Avithout the necessity for constant attention, we shall have to 
work with a lai'ger cubical capacity of bed than usual, and, 
therefore, the first cost will be greater in proportion than 
would otherwise be the case. This statement need not cause 
alarm, as no modification of the bacteria bed can leeul to any 
relatively large expenditure, and the standard of comparison — 
the expense of the bacterial system as applied to a large 
place — is very small indeed compared with that involved in 
the use of other methods. 

As the process of bacterial treatment is only now beginniug 
to be understood, it is not desirable to plan out a definite 
scheme which will be applicable under all circumstances; 
each case must be dealt with as it arises, the local conditions 
often necessitating very material modifications. As a general 
idea, however, it may be remarked that the capacity of each 
of the beds should be sufficient to hold a day's flow, and that 
they should be in duplicate. The sewage, after screeniog, 
should be allowed to pass on to one of the coarse beds during 
twenty-four hours, and at the expiration of that time should 
be diverted on to the other, whilst that which has collected in 
the first should be allowed to discharge slowly on to one of 
the fine beds. At the end of another twenty-four hours the 
sewage flow should be diverted on coarse bed No. 1, the 
water stored in coarse bed No. 2 should be allowed to pass 
slowly on to fine bed No. 2, and fine bed No. 1 should be 
gradually emptied. In some cases it might be desirable to have 
a third pair of beds, in order to put one of the others out of 
action occasionally for a rest. 

Another phase of the disposal of crude sewage, viz., its 
discharge into the sea, is also a point that claims some atten- 
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tion. In view of the extremely simple and economical 
method now applicable, it is to be hoped that at no distant 
date this will be entirely abandoned. It is indeed a disgrace 
to some of our watering places that, within only a short dis- 
tance of favourite bathing spots, crude sewage can be seen 
floating about. It is true that the immensity of the volume 
of the sea water is such that one would think no difficulty 
could be experienced in the matter. As a simple fact, how- 
ever, I have seen such a state gf things, in a case where great 
expense had been incurred in carrying the sewage a mile or 
more down the coast, that it is a wonder that the long- 
sufPering public has not risen in rebellion. 
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CHAPTER XVin. 

SYSTEMATIC EXAMINATION OF POTABLE WATER. 

TiiK necessity for special investigation into the charaoter of 
the microbes in water is brought out very clearly by the 
presence of epidemics in various parts of the country. Over 
and over again the same sequence of events has happened. 
Individuals and authorities have been warned that, if a cer- 
tain condition of things continues, disease will infallibly 
follow, and in response one is often told that one is only an 
alarmist. The sad object lesson which we have before us at 
the present time is but Nature's answer to all those who 
persistently adhere to the old methods. If the Maidstone 
and other epidemics have the result of waking up the 
authorities to the fact that practical immunity can be secured 
by taking advantage of the knowledge obtainable by means 
of systematic analyses of the water daily, or at least weekly, 
we shall be in a far stronger position to defeat the foe which 
insidiously approaches in the form of disease of a most 
deadly character. 

What would be thought of a military encampment in 
which sentinels were posted only when the enemy was in 
sight ? And yet what is the difference between this state of 
things and that in which we allow ourselves to be as regards 
the approach of the foe in the shape of disease ? The objec- 
tion to a daily analysis can only be on the score of expense. 
If in the course of a series of analyses conducted on the 
ordinary simple lines a water should show a departure from 
its normal character, further more elaborate investigation 
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might be called in to elucidate the point, just as the signal 
fired by a sentry calls out the guard. Water companies and 
authorities think nothing of the employment of an extra 
labourer now and then, and yet thoy seem to view with 
horror, and aa something altogether unnecessary, the idea of 
appointing a chemist whose duty it would be to stand on 
guard and to give them instant notice of the first approach 
of danger, I know that in speaking thus plainly I lay 
myself open to the charge of trjTng to make a case for my 
professional brethren as well as myself. Well, let that ha so 
to those who choose to lay this to my account : it does not 
alter the fact that even in the ease of the vast multitude of 
people gathered together in the mighty city of Ijondon 
their interests in this respect are only officially safe-guarded 
by the examination of one sample of water taken 
from each company's supply once a month. True it is 
that the companies themeelves have for some time past, 
since they have come to the conclusion that their interestB 
are in jeopardy, taken matters into their own hands, and 
also that the water consumers, as represented by the 
London County Council, have made investigations with the 
result of showing certain defects hitherto unsuspected, and 
which the companies have wisely remedied in great part. 
But these examinations havo been carried out more from 
political and commercial motives than from the proper 
standpoint, viz., the systematic examination of the water 
for the purpose of safe-guarding the health of the con- 
sumers. There can be no shadow of doubt tbat if the 
Maidstone water had been subjected to a systematic daily 
analysis of samples drawn from each source of supply 
the present sad disaster would never have liappened. The 
lesson is obvious. Let all authorities, whether companies or 
councils, take the matter to heart, and insist upon the ex- 
amination being <hnly, or nearly so. Once a month or once a 
p5 — 
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quarter is insufficient, and would oolj show a degree of 
confidence altogether misleading and dangerous. What a 
tremendous to-do there is if the dust is not frequently 
removed from our premises, or if the roads are not swept to 
our liking — if all the little matters which go to make up 
modern life are not regularly looked after. And yet we 
allow one of the most vital of our daily requirements yirtoally 
to look after itself. 

In the course of my evidence before the last Eoyal Com- 
mission on the Metropolitan Water Supply, I instanced this 
absurdity, and drew attention to the fact that in the case 
of our gas, which chiefly concerns our pockets, we spend 
thousands of pounds annually in making daily examinations 
as to its quality and quantity. In London alone there is a 
staff of no less than twenty-three gas examiners, whose daily 
duty it is, at as many stations, to examine and report as to 
the quality of the gas supplied to their respective districts. 
There are two superintending gas examiners, one under the 
City of London and the other under the London County 
Council, whose duty it is to supervise the above staff ; a 
Chief Gas Examiner, who holds a position equal to that of a 
judge in regard to technical points in connection with tha 
operations of the examiners and the pleas of the companies, 
as to the defects, if any, arising from unavoidable causes or 
accidents ; and three Gas Eef ereos, appointed by the Board of 
Trade, whose duty it is to prescribe and certify from time to 
time the mode of testing, and the apparatus to be used in 
making the tests. All this elaborate machinery costs the 
ratepayers, directly or indirectly, no less than £6,000 per 
annum merely in regard to that which touches their pockets, 
while, on the other hand, the only money spent in looking 
after the water supply is a few hundred pounds paid by the 
Local Government Board on the examination of one sample 
of the water supplied by each of the eight companies per 
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month. "What a contrast! In the case of gas, a large staff 
of examiners is on duty each day, carrying out the most 
severe tests, while in the case of the water supply one poor 
pint or two is tested once a month. Truly, we are a logical 
people ! 

Since the agitation with respect to the proposed purchase 
of the water companies has hecome almost incessant, they 
have thought fit, and rightly so, to protect their interests hy 
having the water examined daily in order that they may he 
able to show that it is ahove suspicion. In this case, how- 
ever, the work ia not undertaken so much for the purpose of 
showing any default, should it exist, as to protect the com- 
mercial interests of the shareholder. The effect may be 
good, but the motive is not the true one. The work should 
be undertaken wholly and solely in the interests of the 
public, and not to support commercial interests, however good 
and reasonable they may be. 

In regai'd to the methods of analysis, the biological pro- 
cesses which have come to the front of late years must have 
a foremost place so far as the ultimate information which 
may be obtained is concerned, but in regard to the practical 
utility for the moment as serving to sound the note of 
warning, the chemical and microscopical methods are far 
to be preferred, as they are capable of giviog almost instant 
notice of the apjiroach of danger. lu this respect it is ques- 
tionable whether any method can exceed in rapidity, simplicity, 
as well as reliability, the micro-filter method of examination, 
already explained in a previous chapter, and further illustrated 
in connection with the examioation of the London water sup- 
ply. By its means, within an hour or so, more or less, ac- 
cording to the skill of the operator and the quality of the 
water, the character of a sample can bo indicated with the 
utmost reliability, and the test can be repeated again and 
again upon sample after sample from different reservoirs and 
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filter beds or sources of supply, and the cause of the trouble, 
when it arises, sought out at once and stopped long before 
any serious damage is done ; whereas by the biological 
methods days must elapse before any indications are obtain- 
able. In the latter case it is the old story of locking the 
stable door after the steed has flown, whilst in the former 
the groom is always on guard, and the thief is detected 
at the moment of his approach. In consequence of the 
simplicity of the micro-filter method the expense of the 
examination is reduced to a minimum, and, therefore, there 
is all the less excuse for its neglect. 

The proper course to be pursued, I suggest, is that a sample 
of water should be examined each day, or nearly so, by the 
micro-filter process, and that this should be supplemented by 
a thorough chemical and bacteriological examination under- 
taken from time to time, the more often the better. By such 
a systematic search the danger of the propagation of disease 
by water-carried impurities would be, to all intents and 
purposes, removed. 

It is not necessary to recite here the tnodus operandi of the 
various methods involved in a systematic bacteriological 
examination. These are clearly set out in the various text 
books devoted to that object; all that is necessary being 
to point out the advantages to be derived from their employ- 
ment in a definite and well-considered system of application. 



{ 



{ ^17 ) 



APPENDIX I. 



THEESH'S METHOD OF ESTIMATING OXYGEN 
DISSOLVED IN WATER. 

TnK process of Dr. J, 0. Thresli is based on the fact tliat 
whoroas, ia absence of oxygen, nitrous acid and hydrogen iodide 
interact to form iodine, water and nitric oxide ; in presence of 
oxygen the nitric oxide becomea re-oxidised, and, serving as a 
carrier of the oxygen, an amount of iodine equivalent to the 
oxygen present 13 liberated ia addition to that resulting from 
the initial action of the nitrous acid ; hence, deducting the 
amount liberated by the nitrous acid, and by the oxygen 
dissolved in the solutions used from the total amount, the 
diSerence will be that corresponding to the oxygen dissolved in 
the water examined. 

The apparatus ia shown on p. 123. 

The solutions used are ; — (1.) A solution containing 0-5 gnu. 
sodium nitrite, and 20 grma. potassium iodide in 100 c.c. ; (2.) a. 
solution of r'75 grras. sodium thiosulphate in I litre, 1 c,c, of 
which corresponds to 025 mgrm. of oxygen ; (3.) a clear solu- 
tion of starch ; and (4.) diluted pure sulphuric acid (1 : 3). 

The apparatus required is as follows; — A wide- mouth, white 
glass bottle of about 500 c.c. capacity, provided with a caout- 
chouc stopper, through which four holes are bored. Through 
one passes the neck of a cylindrical "separator" funnel of 
known capacity, and through the second a tube drawn out to a 
tine point, which is connected by a short length of caoutchouc 
tubing with the thiosulphate burette ; whUe inlet and exit tubes 
for coal-gas are passed through the third and fourth holes, the 
exit tube having attached to it a sufficient length of caoutchouc 
tubing to permit of connection being established between the 
bottle and the separator when the stopper of the latter is 
withdrawn. 

The separator is filled with the water to be examined, and 
1 t'.c. of the nitrite iodide, and 1 c.c. of the acid solution, are 
added. If the pipette be held vertically, with its end just 
below the surface of the water, the solutions flow in a sharply- 
defined column to the lower part of the separator, so that an 
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infinitesimally small quantity (if any) is lost in the water which 
overflows when the stopper is inserted. The admixture of the 
liquids having been efcected by inverting the apparatus several 
times, a sharp current of coal-gas is passed into the bottle to 
displace the air, the escaping gas being allowed to bum at a jet 
attached to the exit tube. Fifteen minutes after adding* the 
solutions to the water the flame is extinguished, a cork is 
attached in place of the jet, and is inserted in place of the 
stopper of the separator, and the water is then allowed to flow 
into the bottle ; the exit tube having been disconnected from the 
funnel and the ^as set fire to, thiosulphate is run in until the 
colour of the iodine is nearly destroyed ; about 1 c.c. of starch 
solution is then added from the separator, and the titration is 
completed. The effect of the nitrite, dilute acid and starch, 
solutions is readily determined by removing the separator and 
adding 5 c.c. of each in succession, and then titrating ; the efiect 
of the oxygen in the thiosulphate may be allowed for on the 
assumption that as much oxygen is dissolved in it as distilled 
water would contain at the same temperature. It appears that 
there is no advantage in passing the coal-gas through alkaline 
pyrogallol. — Journal Soc, of Chem, Ind., Mar. 31, 1890, p. 327. 
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Thu VolumHtric Pcouesa for the Deterniiiiatioii of thf DiBaiilviHl Oiygou in 
Water mij bu iiaed aa au AltematiTe to thnt of Dc. Thresli. 



yOHUTZENBEItGEK'8 PROCESS FOE THE DETEE- 
MINATION OF THE DISSOLVED OXYGEN IN 
WATEE. 

Airaiiged and Modified l>y Dk. Uopke aud Mh. W. J. Dibdin. 

The apparatus at first aight appears more complicated than it 
really is. The essential parts consist of two burettes with their 
dropping tubes passing through a stopper inserted in the centre 
neck of a Wolffs bottle, through which a constant current of 
hydrogen is kept passing for the purpose of excluding atmo- 
spheric air. Through the stopper in the right hand neck the 
tubular of a tap funnel or separator is passed to the bottom of 
the bottle, for the purpose of introducing the water to be tested. 
This separator should hold about 250 c.c. A small bent gUtss 
tube pasaea just through the cork, and is connected by india- 
rubber tubing to a wash-bottle partially fitted with water, which 
acts as a seal for the purpose of preventing the diffusion of the 
hydrogen from the Wolft s bottle. Through the left hand cork 
of the Wolff's bottle, two glass tubes pass, one for the admission 
of hydrogen from the generating apparatus, stopping short 
above the surface of the liquid, and the other to the bottom of 
the bottle for the purpose of withdrawing the liquid from time 
to time, a length of india-rubber tubing, provided with a clip, 
being attached to it so as to convert it into a syphon. Through 
the same cork a second, but smaller separator is passed for the 
purpose of introducing small quantities of fully aerated water, 
when it is necessary to neutralise any excess of the standard 
hyposulphite solution which may have been inadvertently run 
into the bottle. 

Tte standard solution of hyposulphite is contained in the 
large bottle on the stand, and is run into the burette through 
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the length of india-rubber tubing connecting it with the bottom 
of the burette, and terminating below the surface of the liquid 
in the bottle, a clip being provided for regulating and stopping 
the flow. To prevent the introduction of atmospheric oxygen 
into the bottle of standard solution the tube supplying the 
hydrogen to take the place of the removed solution dips through 
the cork of a small bottle containing an alkaline solution of 
pyrogallic acid ; through this cork a second tube passes to the 
bottom of the bottle so that the gas is washed by the solution 
and deprived of its oxygen, if any. The second small bottle is 
provided as a catchpit to catch the alkaline solution in case of 
accident or expansion of the gas in the stock bottle. A screw 
clip is provided on the india-rubber connection between the 
stock bottle and the inlet tube for the purpose of preventing the 
gas, in case of expansion, from driving the pyrogallic acid 
solution out of the absorption bottle, and thus leaving a free 
passage for the diffusion oi oxygen into the stock bottle, which 
would weaken the hyposulphite solution. A similar arrange- 
ment of bottles, or rather tubes, is provided at the top of the 
burette for absorbing atmospheric oxygen from the gas before it 
enters the burette when the standard solution is run out. 

The second burette is for the solution of indigo which is to be 
used as an indicator, only sufficient being run into the WolfE's 
bottle to give a distinct colour. 

Before commencing a titration all the hyposulphite solution in 
the burette and the tubes is to be carefully run off, and the 
burette refilled with fresh solution from the stock bottle. The 
hydrogen is sent through the apparatus to remove all atmo- 
spheric oxygen, which is best kept out when the apparatus is 
not in use, by stopping the current with a tap or plug inserted 
in the sealing bottle connected to the right hand cork of the 
Wolff's bottle, so that a pressure of hydrogen is always main- 
tained ; the tap of the generating apparatus being left open. 

To make an experiment, syphon off the liquid in the bottle 
and run in a small quantity of clear and fully aerated water 
from the separator, then add just sufficient indigo solution from 
its burette to give a decided blue tint, and add drop by drop the 
hyposulphite solution until the blue colour is just discharged, 
now add an excess of hyposulphite solution ; then immediately 
run in the water to be tested from the separator, which has been 
previously filled by means of a syphon to prevent, as far as 
possible, the water from coming in contact with the air. As 
soon as the blue colour of the indigo returns add more hyposul- 
phite. The object of this method of procedure is to prevent the 
oxygen of the water being displaced by the hydrogen, thus 
interfering with the accuracy of the determination. If the 
hyposulphite is kept in slight excess until just the end of the 
reaction no free oxygen will be present, as it is instantly 
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absorbed. As soon as the separator is empty shut o£E the cock, 
and add the hyposulphite solution, drop by drop, until the blue 
colour is just discharged. The quantity of hyposulphite solution 
used is to be noticed. The strength x)f the hyposulphite solution 
is readily ascertained by making a similar experiment with fully 
aerated water, the mean of two determinations being taken in 
all cases. The use of the table is obvious. Note the tempera- 
ture of the fully aerated water used to standardise the solution, 
and also that of the water under examination, then the necessary 
calculations can be readily made. As the same quantity of 
water is used in all cases no correction for quantity is needed, as 
the results so far are strictly comparable. The results should be 
stated in percentages of the quantity of oxygen which the water 
is capable of absorbing at its particular temperature, as well as in 
actual cubic inches. 



Table, showiiig the Quantity of Oxygen Dissolved by Water at 
t'arious Temperatures. Corrected to 0^ C, at ^^(im^m, pressure. 



Temperature 
Fahrenheit. 

41° 


Temperature 

Centigrade. 

600 


Cubic Laches of 
Oxygen per Gallon. 
2-40 


42 


5-66 


2-37 


43 


6-11 


2-34 


44 


6-66 


2-31 


45 


7-22 


2-28 


46 


7-77 


2-26 


47 


8-33 


2-23 


48 


8-89 


2-19 


49 


9-44 


2-17 


60 


1000 


2-16 


51 


10-65 


212 


52 


11-11 


2-09 


53 


11-66 


207 


64 


12-22 


2-04 


65 


12-77 


202 


66 


13-33 


200 


67 


13-89 


1-97 


58 


14-44 


1-95 


59 


1600 


1-93 


60 


16-56 


1-90 


61 


16-11 


1-88 


62 


16-66 


1-86 


63 


17-22 


1-83 


64 


17-77 


1-81 


66 


18-33 


1-79 


66 


18-89 


1-77 


67 


19-44 


1-75 


68 


20-00 


1-73 


69 


20-55 


1-72 


70 


21-11 


1-70 
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REPORT hy the Chemist to the London County Council on the 
Experiments on the Filtration of Savage Effluent during 
the Years 1892-3-4-5. 

To the Main Duainage Committee. 

On the lOth of March, 1891, the Committee ordered a series of 
experiments to he conducted as to the hest methods of filtering 
the sewage effluent ohtained at the northern outfall precipitation 
works. After these had been -carried out, with the result that 
coke-breeze wMfound to^e the most suitable material for the 
purpose, the^v^mmittee on the 24th of November, 1892, ordered 
that the experiments with that material shouldT be resumed on a 
larger scale, the size of the new filter being one acre. In 
accordance with the order of the Committee of the 7th of March, 
1895, I now submit the following statement of the methods of 
procedure and the results obtained. 

From the foregoing it will be seen that the experiments may 
be conveniently divided into two main groups, viz. : — 

(1.) Experiments with small filters and various filtering 
materials. 

(2.) Experiments with a 1-acre filter, using coke-breeze only 
as material. 

The latter may be again sub-divided into — 

(a) Preliminary trials on velocity of passage, &c. 

(b) Experiments on biological lines. 

(c) Experiments with doubled means of filling. 

(d) Experiments with increased facilities for emptying. 

(e) Experiments on recuperative power. 

Series No. 1. 

The tanks for filters used in the first series of experiments 
were built of wood, and were each equal in area to ^i^th part of 
an acre. They were four in number and were filled with pea 
ballast, coke-breeze, burnt clay, and a proprietary material (witli 
gravel and sand) respectively. All four were worked at the 
same rates and during the same hours. During the first six 
weeks sewage effluent was passed through at the rate of 500 
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gallons per sqaare yard x>er day, whilst from the middle of July 
to the end of August the rate was reduced to one- half, or 250 
gallons per square yard in 24 hours. The 61tration was inter- 
mittently continuous, the 61ters passing effluent constantly for 
R hours daily and resting during the remaining 16 hours, being 
allowed to run Ary at the end of each day's work. The outlet 
valvo was closed just sufficiently to keep the filters full, the 
effluent boing level with the surface of the filter material. 

Filter Ho. 1. Burnt Ballast — The material for this filter was 
obtained by burning clay taken from the marsh land adjoining, 
and was placed in the tank to a depth of 4 feet, the larger pieces 
being laid at the bottom, and the remaining unsifted portions 
being plac(Kl above. 

The whole quantity of effluent passed through amounted to 
185,000 gallons, in a total of 2,160 hours, of which the filter 
worked 484 hours and rested empty 1,676 hours. The average 
rate, therefore, inclusive of rest periods, was 411,000 gallons 
per acre in 24 hours. The filtrate was sampled and analysed 
frequently, a sample of the crude effluent being also examined 
for the purposes of comparison, great care being taken that the 
two sets of samples corresponded, i. ^ ., that the filtrate analysed 
represented the crude effluent. 



Date, 


1892. 


» • • • 


Oxygen absorbed in 4 houra. 


Albommoid 


aanmonia. 


Crude efflu< 

3-311 
2-154 
1-909 
2-255 
2-205 
•890 
1-533 
1-330 
1-624 
1-230 
IClO 
2-611 
1-200 
2-415 
2-198 


mi. 
pel 


Fatrate. 


Grade effluent. 


1 

' Filtrate. 


Juno 14th . 


1-897 

1-615 

1-431 

1-244 

-826 

•636 

-805 

' 1-200 

1-120 

•590 

•952 

1043 

1050 

1-372 

-735 

-637 

1-008 

' cent. 


•250 
•230 
-150 
-220 
-200 
•250 
•380 
•330 
-270 
•170 
•350 
-230 
•260 
•210 




„ 15th . 
„ I7th . 
,, 21ht . 






•170 


„ 24 th . 




■ • • • 


•110 


,. 29th . 






•150 


.July 7th . 
,-, 8th . 
,. 11th . 






•070 
•1-20 
•140 


„ 13th . 
., 15th . 
,. 18th . 






•210 
•140 
•160 


,, 20th . 






•120 


„ 22nd . 






•110 


AiJjf. 10th . 






•100 


,, 15th 


1-351 
2-093 

ct£d=43-l 


•050 


.. 22nd - - - 


•100 


Average purifif^ation 


cffe 





The purification effected by this filter was less than that 
attained by any of the remainder. The clarification was also 
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less than in the case of the pea ballast and proprietary fllters, 
being exactly the same as effected by the coke-breeze. This 
was undoubtedly owing to the extreme looaeness and porosity of 
the materials. Tlie filtrate was free from putrefactive odour, 
remaining sweet for many montha in either atopperod or open 
bottles. No work of any kind was done on the filter after the 
experiment started beyond filling up a few holes that formed 
during the firat week's running. 

Filter Ho 2. Pea Ballast. — This filler, of precisely the same 
form and dimensions aa the last, was filled with Lowestoft 
shingle, of pea size. The clarification effected in the filtrate was 
75 per cent, more than in the case of the burnt ballast. The 
purification was also greater, the reduetion of oxidisable organic 
matter amounting to 52-3 per cent. The following table shows 
the several analyses made ; — 



Date, 1S92. 


Oxygen alnoilwa in 


«baii». 




Crada efflaent. H 


Itrate. 


Cmde efflamt. Fi 


Hate. 




3-31! 1 
2-154 1 
1-909 1 
2-265 1 
2-205 
-890 
1-533 
1-330 
1-624 
1-230 
1-610 
2-611 
1-260 

2-415 1 
2198 
1-351 
2-093 

ted=62-3percen 


631 
615 
518 

on 

826 
609 
806 
770 
S12 
371 
875 
4«S 
770 

246 
488 
33S 
S68 


■250 
■230 
-ISO 
■220 
■200 
-250 
-380 
■330 
■270 
■170 
■350 
■230 
■260 
-210 


















090 




130 






8th 




















„ 20th 


120 




130 


Aug. lOth 
„ I5th 


150 
060 


Average purification effe 





In the case of this filter also no renovation or alteration was 
needed. 

FUter No, 3. Coke-Breeze.— The filter was filled with coke- 
breeze to a depth of 4 feet, and 3 inches of gravel was placed on 
the top to prevent the coke from fioating. As far as clarification 
is concerned, this filter ranked just even with the burnt ballast ; 
but the purification effected was higher than in the case of any 
of the other materials, the reduction of the oxidisable organic 
matter in solution amouutiug to 62'2 pei- cent. No renewal of 
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the material was required, the only work done being the filling 
up of a few Bubsidenoe holes. The results of the various 
analyses made are set forth in the following table : — 



Date, 1892. 


Oxygen absorbed in 4 hours. 


Albmninnid 


ammonia. 


Crude effluent. 


mtrate. 


Grade efSnent. 


Ffltrate. 


Jmie 14th , , , t . , . . T t T T 


3311 
2164 
1-909 
2-266 
2-206 
-890 
1-633 
1-330 
1-624 
1-230 
1-610 
2-611 
1-260 
2-415 
2-198 
1-361 
2-093 

oted=62-2 pei 


1-442 

1-346 

1-431 

-233 

•352 

•381 

•639 

1-060 

•609 

•294 

•611 

•448 

•660 

1-183 

•658 

-322 

•728 

'cent. 


•430 

-270 
•250 
•230 
•160 
•220 
•200 
•260 
•380 
•330 
•270 
•170 
-360 
•230 
•260 
•210 


•120 


„ 16th 

M 17th 

„ 2l8t 


•120 
•070 


„ 24th 


•080 


,, 29th 


-100 


July 7th 


•040 


„ 8th 

„ nth 


•070 
•110 


., 13th 


•160 


., 15th 


•100 


tt *"•»* •• •••• 

„ 18<h 


*140 


.. 20th 


•140 


„ 22nd 

Aug. 10th , 


•110 
•140 


., 15th 


•040 


„ 22nd 


•110 


Average porifioation effe 





Filter Ho. 4. Sand. — This filter, haying an area of 16 square 
yards, or ^Jftth of an acre, was filled with gravel, walnut size 
5 inches, bean size 2^ inches, pea size 1^ inches, and sand 
10 inches, taken in order from below upwards. It formed part 
of the compound proprietary filter. The rate at which effluent 
was passed through was one-half more per square yard than in 
the case of the other filters, the sand filtration being a pre- 
liminary to the treatment by the proprietary article, and the 
areas of the two portions being together equal to one of the 
remaining filters, already described. 

The clarification effected was much greater than in the case of 
Nos. 1, 2 and 3, but the purification, measured by the reduction 
in the amount of oxidisable matter in solution, was considerably 
less than in the case of the coke-breeze, somewhat less than by 
the pea ballast, and only very slightly better than by burnt clay. 
On two occasions the filtrate became slightly putrid, the results 
thereby differing from those obtained from any other filtering 
material employed. Doubtless this tendency to become putrid 
was to a great extent due to the deficient aeration of the interior 
of the filter, in consequence of the capillary attraction of the 
finer particles of sand holding the water, and thus choking the 
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pores when the filter was emptied. This filter had to he r 
peatedly raked and cleared, whilst '2^ inches of §and were removi 
and replaced by new on the 1 Ith of July. 

The following are the results of the analyseu made : — 



I 





Cdj-geo absorbi 


d in 4 honni. A! 


bomiaoid smmDaiB. 




Crude efflQeat. 


I-iltnte. Crod. 


efflDmt. 


Fntrate. 




2-2SB 
2-205 
■890 
1-533 
1-330 

1-230 

1-iei 

2-6U 
1260 
2-416 
2-19B 
1-351 
2-003 

ted=16-G per 


1-556 

■735 
•7S0 
1-267 
1-050 
1-218 
1-106 
-87S 
-378 
■700 
1-442 
-980 
-798 

'■"■' 

cent. 


260 
230 
150 
220 
200 
250 
380 
330 
270 
170 
350 
230 
260 
210 
























































AvKage purification eSw 





Ho. 5. Proprietary filter. — This filter contained an area of 8 
square yards, and was filled with 3 inches of gravel walnut size, 
2 inches gravel hean size, li^ inches gravel pea size, 1 inch sand, 
and 12 inches of the proprietary material ; taken in order from 
below upwards. 

The efBuent whicli it received had already passed through 
filter No, 4 (sand), and had thus been greatly clarified, whilst 
the dissolved impurity had been removed to the extent of 46-6 
per cent. The rate of filti-ation was three times that of the other 
niters, so as to bring up the rate of the combined filter to an 
equality with the rest. The filter was supplied with perforated 
pipes, leading to the surface, for aeration. In general appear- 
auce the filtrate from this compound filter was slightly superior 
to all the others, the clarification effected being a little more than 
in the caseof the sand forming the first portion. The purification 
effected by this process of double filtration amounted to (il-6 
per cent., a figure practically the same as was obtained by the 
use of coke-breeze. None of the filtrates showed any signs of 
putrescence when kept for lengthened periods in either open or 
closed bottles. 

This compound filter was erected by the proprietors of the 
Special filtering material, and worked in accordance with their 
hes. It will be observed that sand and gravel played a 
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large part in the process. The following are the results of the 
analyses made : — 



D&te taOS 


Oxjgen absorbed in 4 hours. 


Albuminoid 


ammonia. 




Crude effluent. 


Jblltrate. 


Crude effluent. 


Frtrate. 


June 14th 


3311 
2-154 


-679 
-808 


-430 
-270 
-270 
-250 
-230 
•160 
•220 

•250 
•380 
•330 
•270 
-170 
-350 
-230 
•260 
•210 


•170 


„ 15th 


•220 


,, 17th 


1-909 1 -965 
2-255 1 -700 
2 205 ' 1-841 


•160 


f f ■» • VMM. •••••••••>•• 

„ 2l8t 


•160 


y| atM.nv •••••••••••• 

., 24th 


-090 


„ 29th 


•890 
1-533 
1-330 
1-624 
1-230 
1-610 
2-611 
1-260 
2-415 
2-198 
1-351 
2 093 

3ted=61-6 per 


-953 
-639 
•910 
•609 
•231 
•371 
•749 
•350 
1-246 
•406 
-322 
•681 

cent. 


-090 


July 7th 


-110 


,, 8th... 




., 11th 


-090 


,. 13th 


•090 


II ^w«>> >•■..■...... 

„ 15th 


•100 


II * I* w&m ...••ti.*».* 

., 18th 


•110 


,, 20th 


•070 


II 22nd- 

Aug. 10th 


•050 
•040 


., 16th 


•100 


II A V v&A ■• •••t •••• •• 

,. 22nd 


•060 


Average purifioation effe< 





SUMMARY OF EXPERIMENTS WITH SMALL FILTERS AND VARIOUS 

FILTERING MATERIALS. 

The average rate of working, including rest periods, was 

41 1,000 gallons per acre in 24 hours. The mechanical cleansing, 

or clarification, is shown as follows, the figures representing 

units of depth required to obscure a standard mark : — 

Burnt ballast 1 

Coke-breeze , 1 

Pea ballast 14 

Sand (1st portion of compound filter) 2* 

Proprietary article (2nd portion of compound filter after sand) . , 2 J 

The following table shows the extent of the purification 
efiPected, as indicated by the reduction in oxidisable organic 
matter in solution : — 

Burnt ballast 43*3 per cent. 

Sand (1st portion of compound filter) 46*6 ,, 

Pea ballast 52-3 ,, 

Proprietary article and sand combined 61*6 ,, 

Coke-breeze 02*2 ,, 

From the results obtained it appeared that a considerable 
amount of purification could be effected by any filtering material, 
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the desiderata evidently being porosity and consequent power of 
re-absorbing atmoBplieric osjgen. For foul waters sand ^iroved 
too fine ; whilst the burnt ballast used was too coarae. Coko- 
breeze seemed to unite the necessary qualifications, and as it ia 
also a cheap material it was selected for the further trials on a 
large scale. There can be little doubt, however, that the ques- 
tion of cost of material should be allowed to decide what should 
be used for a filter in any given place, since bnrnt ballast or 
gravel may be made much more efficient by using a greater 
depth of more finely granulated material combined with a slower 
rate. The proprietary filter excelled the cote-breeze only in 
appearance, the actual purification not being quite so much, 
while the coat is prohibitory. 

In the course of the above experiments, numerous gelatin 
plate cultivations were made, to ascertain the effect of filtration 
upon the number of micro-organisms present. The number in 
the tank effluent before filtration and in the filtrates was found 
to vary very considerably, those in the filtrate generally being 
present in larger numbers ; but it soon became apparent that the 
presence of comparatively few or more microbes afforded no 
indication of the degree of purification effected, the main point 
being that the presence of a large number of organisms was 
evidence of the activity of the process of splitting up the organic 
compounds in the sewage matters passing through the filters. 
A considerable reduction of organisms might have been effected 
by the use of a finer grained material and slower filtration, but 
the object held in view during the experiments was the attain- 
ment of the highest degree of speed consistent with such purifi- 
catioa as would remove all objectionable characters, such as 
odour, colour, and liability to putrefaction. 

ll^ERlES No. 2. 

In the second series of experiments a filter was constructed 
covering exactly one acre of land. The ground was levelled and 
embanked where necessary and perforated drains laid, meeting 
in a common trunk for discharge. The filtering material con- 
sisted of 3 feet of coke-breeze, covered with 3 inches of gravel. 

(o) In the first part of the series under notice the special object 
of the experiments was rather the ascertaining of the rate at 
which it was jiossible to pass effluent through the filter, and not 
the manner of producing the best results. The filter, however, 
speedily became clogged with sludge, and after the sixth week 
all the filtrates were putrid. The daily quantity that could be 
passed fell rapidly until at the end of twelve weeks the filter was 
quite useless, being putrid throughout. Valuable information 
was thus gained, for it was shown that rest and aeration were 
vital, and also that in order to obtain the best work from a filter, 
the quantity poured on it must increase very gradually, so as to 
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permit of the proper biological condition being reached. The 
rate of working varied from close on one million to a quarter of 
a million gallons per diem. The filling was during several weeks 
continued until the water stood 6 inches above the surface ; when 
the filter was emptied this portion ran through without having 
time for purification, and this fact doubtless aided largely in 
reducing the efficiency of the filter during this set of experiments. 
During this period the following analytical results were 
obtained : — 



Date, 1893. 


Ox3rgen 

absorbed in 

4 hours. 


Albuminoid 
ammonia. 


Nitrogen as 
nitrates. 


Purifica- 
tion 

effected 
on 




• 

1 


1 


• 

1 


1 


1 


1 


oxygen 
absorbed. 

F«iroent. 


28th Sept. to 6th Oct. . . 

9th Oct. to 13th Oct. .. 
16th „ to 20th „ .. 
23rd ,, to 30th „ .. 
30th „ to 6th Nov... 

Cth Nov. to 13th „ .. 
13th „ to 20th ., .. 
20th „ to 27th ;, .. 
27th ,, to 4th Dec. 

4th Dec. to 8th „ . . 
nth ,, to 18th ,, .. 
19th „ to 23rd „ . . 


3-631 
2^884 
3-295 
3-916 
4-420 
4-404 
4-122 
4-336 
4-832 
4-745 
3821 
4-877 


2-128 

•509 

•602 

1-447 

1-646 

1-286 

1-125 

1-203 

1-135 

1-070 

•979 

1-387 


•394 
•368 
•403 
•457 
•435 
•401 
-393 


•110 
•097 
-091 
•119 
•109 
•092 
•191 


•000 
•029 
•029 
•103 
•000 
•283 
•299 
•304 
-180 
•077 
•021 
•000 


•083 
•215 
•117 
•021 
-000 
•203 
-317 
•241 
•17.> 
•080 
-130 
-000 
1 


41 
82 
85 
63 
65 
71 
73 
72 
77 
77 
76 
71-6 



{h) The first series of experiments on biological lines con- 
ducted with the same filter as the preceding was then commenced. 
The surface was raked, and the bed was allowed to rest during 
three and a half months. For fully three months of that time 
a putrid odour was observable when the filter was disturbed, but 
this gradually disappeared, and during the last fortnight the 
coke-breeze was perfectly sweet. From that time the filter was 
kept practically constantly at work for nearly a year, the only 
rest of any length being from the l7th of November, 1894, to 
the 2nd of January, 1895, when alterations in the arrangements 
were made to admit of more rapid emptying. 

The process adopted was to begin with small quantities, the 
filter being merely filled and emptied twice daily, with a view 
to getting it into the necessary biological condition. This was 
commenced on 2nd of April, 1894, and continued for a few 
weeks, the purification effected gradually rising. The quantity 
of effluent passed was about 600,000 gallons per diem, and the 
purification between 70 and 80 per cent. The highest state of 
efficiency was reached on the 3rd of May, or after a full month's 
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working. The purification reached 83 per cent., and fish placed 
ill the titrate were kept alive for many weeks. In fact, fish 
(minnows and aticklebacka) came up the ditch by which the 
filter was emptied to the very mouth of the outlet. 

The following are the weekly averages of the analytical 
results ; — 



ISM. 


,sr-'-""-| 


1=, 


" 


nitratis. 


Pnriflca- 


WeekondlnB 


- 




























Efflu™t. 


Fatmte. E£ 


auent. P, 


Male. E£ 


Bnent. 


FntoBte. 


Percent. 


AprU7th.. 


t-<su 


I-4B8 


440 


169 


4.15 


■721 


S9-] 




i-m 


1-027 


521 


128 


^W:^ 


■212 


77-8 


„ 2lBt.. 


4-283 


-954 


485 


105 


■IH5 


-104 


77-8 


„ 28th.. 


3-877 


■BOO 


507 




471 


-745 


79-B 




4'300 


-722 


502 


D£6 


■1H3H 


■106 


83-2 




i-105 


■844 


304 




n3<lK 


■1145 




„ 19th .. 


3-87B 


-BI4 


30S 




riodO 


■0413 


7B-0 




3-877 


-BS7 










83^1 


June 2nd.. 


4-033 


■703 


401 


08G 


000(1 


-1041 


82^e 


„ 9th.. 


3-247 


■611 




089 


0700 


■0994 


81-2 



(f) Altetationa were then made in the arrangements for filling, 
the feeding trough heing doubled. The daily quantity was 
increased to over 600,000 gallons, the analytical results con- 
tinuing to be highly satisfactory, as shown by the following 
weekly averages : — 



lau. 


Oirgm abBOrbod 


^^ 


« 


Hitrogtinui 
nitoatn. 


rurillai- 
tioDDn 

.KB, 














' Effluent. 


Pntrate. 1 Ef 




tnte. Et 


anml. 


FQtiate. 


Perwnt. 


Aug. 3rd.. 


3-195 


-B86 


365 


094 


0350 


-2246 


78-6 


,, lOth.. 


3-217 


■661 


329 


381 ^ 


n(,™t 




79-5 


„ nth.. 


3^345 


■681 


332 


379 






80'2 


„ 24th., 


3-132 


-681 


271 


Q57 






78-9 


„ 31at.. 


3-60t 


'81S 


296 












4-495 


■785 


390 


382 


IMfiO 


-0876 






3-330 




356 


387 


moo 


-1311 




„ 2Ut.. 


4-080 








1700 


■U632 


81-2 


„ 28th.. 


3-510 








:)noo 


-1344 


79-0 


Oct. 5th . . 


4-oDe 


■808 


563 


244 


30 00 


■1690 


80-0 


„ 12th .. 


3-64B 




619 


243 


II3.-10 


■0989 


773 


„ 19th .. 


4-242 


-781 


439 


117 


1100(1 


-0675 


si^e 


.. 26th .. 


3-964 


-740 


460 


132 


()()0<l 


-0678 


81-3 




2-497 


■540 


292 


OSO 1 


I170H 


■3083 




„ 9Ch . . 


3-728 


■762 


406 


089 


OOOD 


-2020 


79-6 



(<^] Towards the end of 1894, the emptying arrangements 
were supplemented by a pump, and later the resting time was 
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Hhortoned, until finally the filter passed 1 J million gallons daily 
for six dayb, resting empty from 10 p.m. on Saturdays until 
6 a.m. on MondavH. The method adopted was to fill the filter 
to just h»vol with the surface as quickly as possible ; allow it to 
remain standing full for one hour, and then draw off with the 
least possible delay. Working in this way, the filter passed an 
avenigo of one million gallons a day, including all times of rest, 
during a period of eight weeks, the filtrates being clean and 
swtM»t, and the purification eUected 78 per cent. Nitrification 
proceeded satisfactorily, and the filter was apparently capable 
of continuing for an indefinite time. 

A point of the greatest importance is the fact that the filter 
was able to do its work satisfactorily during the exceptionally 
severe weather in January and February, 1895. A thin coat of 
ice was formed on the surface, but the filtration proceeded with- 
out intermission, the only noticeable change being the decreased 
produ(*tion of nitric acid. 

The following are the weekly averages of analytical results : — 



Week inding. 


Oxygen abaorbed 

from permanganate 

in 4 houTfl. 




Efflacnt. 


Filtrate. 


1894. 


1 


Nov. 16th.. 


2412 


•491 


1S9:). 






Jan. 4th . . 


5-240 


1190 


,, 12th .. 


4045 


1-103 


„ 19th .. 


4-202 


•817 


„ 26th . . 


3-762 


-742 


Feb. 2nd . . 


3-695 


•801 


,, 9th .. 


4-016 


•971 


„ 16th .. 


4-281 


•891 


„ 23rd .. 


4-967 


1-047 


Mar. 2nd • . 


4^524 


1-293 



Albuminoid 
ammonia. 



Nitrogen aa 
nitrates. 



Effluent. 



•259 

•447 
-434 

-441 
•352 
•362 
Not est 



» » 



Filtrate. 


Effluent 


•079 


•5C48 


•150 


•6371 


•162 


•3765 


•112 


•3830 


•085 


-7826 


-098 


-3681 


mated. 


•3830 




•2547 




-1122 




•0937 



Filtrate. 



•8618 

1-6386 
•8973 
•9805 

1-1130 
•6196 
•4549 
•3438 
•0804 
•0000 



Purifica- 
tion on 
oxygen 

absorbed. 

Percent. 



79-6 



77 

73 

81 

80 

78 

75-8 

79-2 

78-9 

71-4 



{e) After the filter had been successfully dealing with one 
million gallons daily for about eight weeks, a large quantity 
of sludge, amounting to at least ten tons, was run upon it acci- 
dentally. This occurred during tlie week ending 2.3rd February. 
The result was an immediate falling off in the quality of the 
filtrate ; a putrescent odour was observed ; and finally the filter 
had to be thrown out of work. Eemarkable evidence of the 
recuperative power of the coko-breezo was, however, obtained, 
as alter 20 days' rest it was quite sweet again, nothing objection- 
able being observed on digging down to a depth of about two 
feet. The coke had only the odour of ordinary earth when 
moist, and on being burnt gave no objectionable smell. 



Filtration of Sewage Effluent. 



233. 



On resuming work, 2S days after resting, the following satis- 
factory results were obtained : — 



Date. 
1895. 



April 8th . . 
9th.. 
10th.. 
16th.. 
17th.. 
18th.. 
19th.. 
20th.. 






Oxygen absorbed 

from permanganate 

in 4 hour >. 


Albuminoid 
ammonia. 


Nitrogen as 
nitrates. 


Effluent. 


FUtrate. 


Effluent. 


Filtrate. 


Effluent. 


Filtrate. 


3-048 


•810 


•370 


•096 


•0000 


1-0166 


4-095 


•810 


•418 


•124 


•0000 


•6350 


2-571 


•905 


•358 


•104 


-0000 


•6584 


3-238 


•705 


•401 


•123 


-0000 


-7559 


3-429 


•762 


•261 


•080 


•4941 


-9438 


4-476 


•952 


•343 


•104 


•3335 


-8161 


4-381 


1-048 


■385 


•080 


-0000 


•7008 


2-857 


•762 


•348 


•104 


•3171 


•6336 



Purifica- 
tion on 
oxygen 

absorbed. 

Per cent. 



73-5 
80-2 
64^8 
78-3 
77^8 
78-8 
76^1 
73^4 



From this time until the end of September in the same year 
the filter was kept continuously at work (except during one week 
in August) on the same system, viz., alternate filling, resting 
full, and emptying, with 24 hours' entire rest each week. The 
results are shown in the following table ; the figures given 
are weekly averages of daily analyses, the samples on which 
the latter were made being themselves averages of quarter-hour 
samples from each filling and emptying. 





Quantity of 


Oxygen absorbed in 

4 hours. 
Average of 7 days. 






Date. 
1895. 


effluent passed 
daily per acre. 


Purifica- 
tion, 


Remarks. 


Week ending. 


Average of 




percent. 












7 days. 


Effluent. 


Filtrate. 
•753 






May 4th 


1,049,776 


3-592 


790 




„ nth 


1,050,878 


3-576 


•861 


75-9 




„ 18th 


1,128,138 


3^867 


•865 


77^6 




„ 25th 


1,076,939 


3-657 


•862 


76-4 




June 1st ..... . 


932,171 


4-009 


1-013 


74-7 




„ 8th 


725,718 


3-399 


•841 


75-3 




„ loth 


980,408 


3-247 


•872 


73-1 




,, 22iid .... 


925,621 


3-496 


•698 


800 




„ 29th 


779,282 


3-441 


•566 


83^6 




July 6th 


959,512 


3-576 


•614 


82-8 




„ 13th 


1,049,042 


3-282 -572 


82-6 




„ 20th 


956,825 


3-219 


•531 


83^5 


„ 27th 


964,416 


2-852 


•490 


82-8 


Aug. 3rd 


839,472 


3-359 


•638 


83^8 


„ 10th 


— 




— 


— Filter not used. 


„ 17th 


966,881 


2-810 


■450 


87^6 




„ 24th 


959,341 


2-928 


•485 


83-5 




,, 3l8t 


966,042 


2-670 -467 


82-5 




Sept. 7th ..... 


971,502 


2-683 


•503 


8^3 




„ 14th 


1,013,071 


2-573 -470 

1 1 


81-8 


„ 2l8t 


1,014,067 


2-746 1 -461 


83-2 j 


,, 28th 


1,013,071 


2-889 


•491 , 


83^0 
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The experiments taken aa a whole show that sewage, especially 
if previously clarified by precipitation, may be purified to any 
desired degree, the actual amount of purification depending upon 
(1) the length of time during which the effluent is allowed to 
remain in contact with the filter, and (2) the length of time allowed 
for aeration. If a reduction of 75 per cent, in the oxidisable 
organic matters in solution be considered as sufficient, the quantity 
that can be treated per diem on one acre of coke breeze is one 
million gallons, which gives a required area for the treatment of 
the whole of the Metropolitan sewage — ^taken at 180 million 
gallons— of 180 acres only. This rate is probably the highest 
that can be worked under all conditions of seasons. 

If, however, only the effluents from the strong day sewage 
were submitted to filtration, as those from the weak night sewage 
obtained by precipitation after chemical treatment are sufficiently 
satisfactory, the area required would be proportionately reduced, 
viz., to about 120 acres. 



Experiments ivith Sewage collected on the ** Separate '* System y 

excluding Rainfall, 

By the courtesy of the Sutton (Surrey) Urban District Council 
I am enabled to append the following statement of results obtained 
by similar treatment of the sewage as carried out at the sewage 
works of that Council. The trials in question were made during 
the period of office of the late Sutton Local Board, of which 
authority I was at that time a member, and therefore am able to 
speak of the results from personal experience. The works were 
under the direction of Mr. A. D. Greatorex, Assoc. M.I.C.E., 
surveyor to the Board. 

The filters employed are seven in number, as follows : — 

2 proprietaiy, 35 feet by 20 feet area 700 sq. ft. each. 

2 coke breeze ,, „ ,, 700 

2 sand ,, 700 



4,200 



1 burnt ballast | Jgo 1 ^^et by 34 feet .... „ 4,454 



Total area, 



8,654 



The filters are constructed as follows : — 

Proprietary, 



Top, 6 J inches, medium sand. 

3 ,, pea gravel. 

l^J >» proprietary article mixed with sand. 
5 , , extra coarse sand. 

4 ,, pea gravel. 

Bottom, 5 inches, coarse shingle round the pipes. 
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Coke breeze. 

Top, 8 inches, medium sand. 
12 „ coke breeze. 
5 „ extra coarse sand. 
4 ,, pea gravel. 
Bottom, 5 inches coarse shingle. 



Satid, 

Top, 8 inches, medium sand. 
12 ,, ,, 

6 ,, extra coarse sand. 

4 ,, pea gravel. 
Bottom, 5 inches coarse shingle. 



Burnt ballast. 

Top, 4 inches, soil. 

6 ,, fine ashes. 
Bottom, 18 inches, burnt ballast. 



120,000 gallons of effluent water are passed through the filters 
per day, working nine hours. The six small filters are worked 
one day and the large the next day, thus allowing alternate days 
of rest ; the six filters ha^e been at work nearly two years and 
the large one three months, with the exception of the bad days 
in the winter. 

The percentage purification of the oxidisable organic matters 
efi^ected is shown in the following table, which is prepared from 
analyses made by Dr. Jacob, medical officer of health for the 
Sutton district: — 



Date. 
1894. 


Proprietary 
Klter. 


Ck>ke Breeze 
FUter. 


Sand 
Filter. 


May 2nd 


36-4 
61-6 

61-0 
640 
53-3 
44-2 


47-6 
410 
60-0 
63-0 
51-0 
480 
14-9 
26-5 


31*0 


July 13th 


32-2 






>> •••••••••••••••••••••• 




October 16th 


30-0 




24*0 


November 24th 


50-0 




51-6 


77 •••••••••#•#•##• 




Averaire 


50-1 


41-5 


36*5 







On the 24th April, 1895, Mr. Greatorex kindly collected for me 
a series of samples of crude sewage, precipitation effluent and 
filtrates, the samples being averages of ton hours' working. 
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Tbtvp were analysed in tte Counoil'B latoratorj-, and yielded 
the folio win g'roHulU: — 



I fi li II I 



Prapri'-fAj 



Oiyiwi ab«orl>ed .. 8 

PuriHcatinn per 

cent, on uufllteml, 



54 113; 1-08 


I W 0-83 


0-851 0-66 


81-3 l630 

82-1 


S8'3 709 
64-8 


70-0 |77-4 



KruRi the firet talile uf the results obtained at Sutton, it would 
api'car that tho proprietary' filter gave the bcrt lesulta ; but this 
was caiisoil by the lower rate at which this filter worked, as in 
many instances, in consoquonee of the finer grain of material and 
fn'qut'nt choking, the quantity' passing through the bed was far 
k-Hs than that pasHed by the remaining filters. In the case of the 
experiments oonduc'ted at Barking Creek the rates of flow were 
maintaineil at equal speed. In the second table of Sutton results, 
however, tho coke breeze filter excelled all the others, the pro- 
prietary and sand filters being very close together. 

From the above results it would appear that the burnt ballast 
filter has been overworked and requires a short period of rest, as 
a former result was exceedingly satisfactory. 

In hia report of the 18th July, 1894, I>r. Jacob stated that the 
effluents from the various filters were quite fit to be discharged 
into the brook witliout further treatment. 



Concluiiotu. 

The action of a filter is twofold : — ( 1 ) It separates mechanically 
all gross particles of suspended matter and renders the eflluent 
clear and bright. (2) It effects the oxidation of organic matters, 
both those in suspension and those in solution, through the agency 
of living organisms. It is the preliminary establishment and 
subsequent cultivation of these organisms which is to be aimed 
at in the scientific process of purification by filtration. 

The ordinary putrefactive and other simUar organisms com- 
mence the work by breaking down the organic compounds and 
converting them to less complex forms, principally water, carbonic 
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acid and ammonia ; tlie nitaitying organism then acts upon the 
ammonia, the nitrogen being converted into nitric acid. For this 
procesa to go on, three conditions are essential. Firstly, the 
organisms must he supplied with plenty oi air ; secondly, there 
must be present a base, such as lime, with which the nitric acid 
cun combine ; and thirdly, the biological action must take place 
in the dark, i.e., in the body of the filter and not in the water 
exposed to the light above the filtering material. Filtration on 
biological liaes of sewage or other foul water containing in 
solution but little free oxygen and a large quantity of oxidiaable 
organic matter therefore means : — 

(1) That the filter, by cautious increments in the quantity of 

effluent, which in itself contains the necessary organisms, 
must be gradually brought to a state of high efficiency. 
This condition will be shown ty the existence in the 
filtrate of a constantly increasing proportion of nitric 

(2) That the contact of the micro-organisms with the effluent 

to be pniified must be effected by leaving such effluent 
at rest in the filter for a greater or less time according 
to the degree of purification required, the process being 
analogous to that of fermentation. The system employed 
in many places is to run the water straight through the 
filter and thus allow insufficient time for the work, with 
the result that the filtrate is soon in an unsatisfactory 
condition. 

(3) That after each quantity of effluent has been dealt with 

the micro-organisms must be supplied with air, which 
ia readily effected by emptying the filter from below, 
whereby air is drawn into the interstices. The filter 
must stand empty for an hour or more previous to 
another filling nnd a longer period of ai-ration, say 
24 hours, must be allowed every seven or eight days. 

The life of a coke breeze filter worked in this manner is 
practically without a limit. 

From the general results obtained by these several trials under 
various actual working conditions, it is apparent that there is no 
difficulty in obtaining any desired degree of purification by means 
of a system of filtration conducted on biological principles. If 
a higher degree of purity be required than that indicated by the 
foregoing it can be obtained by an augmentation of the filtering 
appliances nt a comparatively small cost, as, where clay is obtain- 
able, the method of construction employed in making the new 
burnt ballast filter bed at Sutton may be adopted, vij;., by simply 
digging out the clay so aa to form a pit about 3 feet deep, and 
filling it up with the same clay after burning, and thus a cheap 
and efficient filter bed ia obtained, the cost of the large filter bed 
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at Sutton, haying an area of 4,454 square feet, or rather more 
than one-tenth of an acre, being less than £100, including all 
charges. 

By such a system the neceesitr for costly farms is entirely 
obviated. The results are completely under control, and the 
filters can be arranged to suit all requirements it is possible to 
contemplate. 

W. J. DIBDIN, 

40, Craven Street, W.C., Chemist. 

October, 1895. 
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FILTEATION OF SEWAGE EFFLUENT. 

REPORT by the Chemist to the London County Council as to 
the amount of Work performed by the One-acre Coke Breeze 
Filter-bed at the Barking Outfall Works frofn the commence" 
ment of operations to the \st of November ^ 1896. 

The one-acre coke breeze filter-bed at the Barking Outfall 
Works having now passed a total of 500 million gallons of crude 
sewage effluent, a review of the whole work accomplished by it 
is of the greatest importance, because of the evidence which it 
offers as to the powers of such a filter to dispose of organic matter 
during a prolonged period without suffering deterioration in any 
way, and also as bearing on the experiments about to be instituted 
on the filtration of crude sewage, without previous chemical 
precipitation. 

Since the effluent which is passed on to the filter contains on 
an average seven grains of suspended matter per gallon, a 
quantity equal to 2,232 tons of sludge of 90 per cent, moisture 
has been entirely removed, the filtrate containing practically no 
suspended matter. Of the matter thus removed about 110 tons 
were organic, the whole of which has been oxidised ; whilst the 
sand amounted to about 40 tons which, calculated at 24 cwt. per 
cubic yard, would cover, the filter to a depth of 0*267 inch if 
spread equally over its surface. Such sand has, however, been 
carried into the body of the coke, and any danger of choking 
arising from this cause is thereby removed. 

The organic matters in solution in the crude effluent absorb on 
on an average 3*5 grains per gallon of oxygen from permanganate 
in four hours, whUe the filtrate absorbs only one-fifth of this, or 
0*7 grains. The amount of oxidation effected, measured in this 
way, would require 90 tons of oxygen, or, in other words, is equal 
to the effect which could be obtained by the use of nearly 
2,000 tons of commercial manganate of soda. 

The organic matter that has been completely removed, as deter- 
mined by the difference between the los» on ignition of the solids 
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in the cmde efflaent and the filtrate respectirelT, amounts to 
250 ton 9. 

The r>rganic matter that remains in the filtrate is in such a con- 
dition that no signs of after- putrefaction are exhibited, however 
long ih^ filtrate mav be kept, either undiluted or diluted, in open 
or clo8e<i bottles. 

Thf* filter is in perfect condition, exhibiting no signs of dete- 
rioratirm : the organic matter in it does n«it increase : and it 
remains quite sweet to the smell. No addition has been made to 
the material, and the only attention given has been an occasional 
levelling of the surface with a rake. I see no reason to alter the 
opinion expressed in mj report to the Main Drainage Committee 
on the 26th of September, 1896, viz., that if properly worked the 
life of such a filter would Ik* practically without limit. 

W. J. DIBDIX, 

40, Craven Street, W.C., Chemht. 

\2th November, 1896. 
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